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Description 



COMPOSITIONS AND USES FOR SENTRIN. A CELL-DEATH PROTECTING PROTEIN 

1.0 Background of the Invention 

The present application is a continuing application of U. S. Provisional Application 
Serial No. 60/030,302, filed November 5, 1996, the content of which is specifically incorporated 
herein by reference in its entirety. The United States government has rights in the present 
invention pursuant to grant number HL-45851 from the National Institutes of Health. 

1.1 Field of the Invention 

The present invention relates generally to the field of molecular biology. Disclosed are 
methods and compositions comprising DN A segments encoding a novel protein, sentrin-1, found 
to protect against TNF and Fas/APO-1 induced apoptosis. Various methods for making and using 
these DNA segments, DNA segments encoding synthetically-modified sentrin-1 polypeptides, and 
native and synthetic sentrin-1 peptides are disclosed, such as, for example, the use of DNA 
segments as diagnostic probes and templates for protein production, and the use of proteins, fusion 
protein carriers and peptides in various immunological and diagnostic applications. 

1.2 Description of Related art 

Fas/APO-1 (CD95), belongs to the TNF receptor superfamily, which is characterized by 
cysteine-rich pseudo-repeats in the extracellular domain (Smith et al, 1994). Despite the 
similarity in the organization of the extracellular domain, the cytoplasmic domain of the TNF 
receptor superfamily is not conserved implying that different signaling mechanisms must be 
operative for differem receptors. Nonetheless, Fas/APO-1 and TNFRl share a common 
cvtoplasmic signaling motif called the "death domain" (Itoh et al. 1991; Itoh andNagaia, 1993; 
Tartaglia et al. 1993). Deletion cr mutation in the death domain abolishes the ability of these 
receptors to transduce an apoptosis signal. 

Several laboratories have reported the cloning of death-domain associated proteins, 
including FADD/MORTL TRADD, a.id RIP (Boldin et al, 1995-, Chinnaiyan et al., 1995; Hsu 
ct al., 1995; Stanger et al., 1995). Following ligation of Fas on the cell surface by either 
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aniibody or ligand, a complex called DLSC (Death-Inducing Signal Complex), which include 
Fas, FADD/MORTl and FL.ICE/MACH, is formed via death-domain or death-effector domain- 
mediated interaction (Kischkel e( aL, 1995; Muzio et al., 1996: Boldin e( al, 1996). L/tgaiid- 
induced association of TTsTRl with TRADD, RIP, and FADD/MORtl has also been 
5 demonstrated (Hsu a al, 1995: Hsu et al, 1996a: Hsu et al. 1996b). Taken together, death- 
domain/death domain interactions initiate a platform for the assembly of signaling complexes 
which arc essential for apoptosis induction or NF-kB signaling. 

Several non-death- domain containing proteins which bind to either Fas/APO- 1 or 
TNFRl have also been reported. FAP-! is a t>Tosine phosphatase which binds to the C-terminal 

10 15 amino acids of Fas/APO-1, a negative regulator of cell death signaling (Sato et al, 1995). 
Ovcrexpression of FAP-1 could inhibit Fas/APO-1 signaling. FAFl, another novel protein that 
b^nds to the Fas/APO-1 cell death domain, facilitates Fas/APO-1 -mediated apoptosis (Chu et al, 
l^>*^5). Fuithermore, there are a large ni;n).ber of proteins which regulate apoptosis either 
posiincly or negatively, but do not bind to the cytoplasmic domain of either Fas/APO-1 or 

15 TSVR 1 They include the l AP's (Liston et al, 1996), ALG (Vito et al, 1996), members of the 
Bc!-2 fa rtily < 01n'ai and Korsmeyer, 1^0 •), and inhibitors of the ICE family, such as CrrrtA and 
r?5 (Clcn ajid Miller, 1994). F»:I] iiitt^gratior of these proteins in the cell death signaling 
pathwa> is yet :o be acliieved. However, the functions of these proteins are yet to be completely 
elucidated and their interrelationships rema^i undefmed. 

20 PML, a RING finger protein vdth tumor suppressor activity, has been implicated in the 

pathogenesis of acute promyelccytic leukemia that arises following a reciprocal chromosomal 
translocation that fuses the PML gene with the tetinoic acid receptor a (R.ARa) gene. 
lrni^-iunocyioch<imical analysis has demonstrated tViat PML is co-localized witli a novel 
ubiquitin-like protein in the nacleai* bodies, wliich could be disnipted by the PML-RARa fusion 

25 protein. The physical nature of this co-localization is unknown Using a COS cell expression 
systerr^ the inventors show that PML is covalently modified by the sentrin family of ubiquitin 
proteins, but not by NEDD8 or ubiquitin. 

Cliromosomal translocation (Larson et al, 1984: Lapenta et al, 1997), detected in the 
majority of patients with acute promyelocvTic leukemia, generates a fusion protein composed of 

30 portions of the retinoic acid receptor a (RARa) and RING finger protein called PML (Larson et 
al, 1984: de The ct al. 1991; Kakizuka et al, 1991: Kastner et al, 1992). In cell lines derived 
from patients with acute promyeloc>lic leukemia, the nuclear bodies are disrupted into a 
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micropaniculale partem, which is reversible by treatment with retinoic acid (Weis et ai, 1994; 
Dyck ei a/.. Cell, 1994). PML has aiso been shown to suppress the transformation of NIH3T3 
cells by the activated Keu oncogene (Liu et al, 1995). Using full length PML as bail in a yeast 
two hybrid interaction screemng, Boddy et al (1996) have isolated a novel ubiquitin-like 
protein, called PIC! that interacted specifically with PML in the yeast interaction assay (Boddy 
etal, 1996). They have further shovm that PICl was co-localized with PML to the nuclear 
bodies. In NB4 cells, which are derived from acute promyelocytic leukemia, there was no 
signincarti co-locaKzation cf PICl with PML, However, following retinoic acid u-eatment, a 
significant re-localization of PICl with PML was observed. These observations suggest that the 
association of PICl with PML may piay an important role in the pathogenesis of acute 
promyebcyiic leukemia. 

Protein modification by ubiquitin is critical for targeting proteins to be degraded by 
proteasomes (Coux ei al, 1996; Hershko and Ciechanover, 1992; Jentsch, 1992). Conjugation 
of ubiquitin to other proteins requires initial activation of the conserved C-teiminal Gly residue 
catalyzed by a specific ubiquitin-activaiing erizyme. El. An intermediate, ubiquitin adenylate, is 
formed by displacement of PPi from ATP. Ubiquitin adenylate is then transfened to a thiol site 
in El with release of AMP. Next, ubiquitin is transferred to a family of ubiquitin-carrier 
proteins. E2, through transacylation. Finally, ubiquitin is transferred from E2 to its target 
protein through an isopeptide linkage with the e-amino group of the Lys residue of the target 
protein. The transfer of ubiquitin from E2 to the target protein may require the participation of a 
ligase, E3, The internal Lys of ubiquitin, in particular Lys48, can also be modified by another 
ubiquitin to form multiubiquitin chains which may be crucial for proteosome recognition (Finley 
et al., 1994). In recent years, ubiquitination has been shovm to play a critical role in antigen 
processing, in the regulation of cell cycle, in receptor endocytosis, and in signal transduction 
(Hochstrasser. 1996: Rock et al., 1994; Murray, 1995). 

Ubiquitin is not the only molecular tag for protein modification. Another ubiquitin-like 
protein, UCRP. has been shown to be conjugated to a large number of intracellular proteins 
(Haas L'( rA. 1987). uCRP contains two ubiquitin domains and is inducible by type 1 
interferons. There is evidence for a distinct pathway cf UCR.P conjugation that is parallel to 
ubiquitination (N'a-isimhan et al, 1996). 
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2.0 Summary of the Invention 

The present invention relates to a novel protein that affects apoptosis in a manner 
opposite to that of kno%vT death domain-associated proteins. As used herein, this protein, named 
sentrin, represents a new class of proteins which have the ability to protect or guard cells fiom 
5 TNF or Fis/APO induced cell death. In particular, the invention relates to proteins similar to or 
highly homologous to the sentrin- J polypeptide sequence identified in SEQ ID N0:2. 

In d preferred embodiment, the invention concerns an isolated human, murine, or 
yeast sentjin polypeptide that irJiibits TNF receptor or Fas/APO-induced apoptosis. Preferably, 
the sentnn polypeptide is a sentrin-l, sentrin-2, or sentrin-3, polypeptide, wth sentrin-1 

10 polypeptides being highly preferred. A^ltematively, the sentrin polypeptide may comprise a 
contiguous amino acid sequence from SEQ ID NO:?.. Highly preferred contiguous amino acid 
sequences comprise at least about 10 or 20 contiguous amino acid residues from SEQ ID N0:2, 
or even more preferably, at least about 30 to 40 contiguous amino acid residues from SEQ ID 
NO:2, or still more preferably, at least about 50 to 60 contiguous amino acid residues from SEQ 

15 ID NO. 2. with sequences up to about 70, 80, 90, 100, or even frill-length sequences being 
preferred. A.n exemplar>' sentrin- 1 polypept-de of the invention comprises the entire amine acid 
sequence of SEQ ID NO ?.. Other polypeptides which are contemplated by the inventor to be 
useful in the practice of the invention includes sentrin polypeptides which have a high degree of 
homology to the sequence of SEQ ID NO:2 As such, those polypeptides comprise a primary 

20 amino acid sequence which is preferably about 85%, 90%, 95%, or even 98% or more identical 
to the primary amino acid sequence of the polypeptide disclosed in SEQ ID NO:2. 

In another important embodiment, the invention concerns a purified nucleic acid 
segment which encodes a whole or a portion of a sentrin polypeptide, and preferably, a sequence 
which encodes a whole or c. portion of a human, murine, or yeast sentrin polypeptide. Highly 

25 preferred nucleic acid segments are these which encode a whole or a portion of a sentrin-l, 
senLrin-2. or sentrin-3 polypeptide /\n excmplar>' nucleic acid segment is a polynucleotide such 
as that disclosed m SEQ ID K0:1, or any nucleic acid sequence which encodes the polypeptide 
of SEQ ID NO:2, or any ccntiguous polypeptide sequence contained within the sequence of 
SEQ ID N0:2, or a sequence which is complementary to any surh nucleic acid segment, or 

30 alternatively any nucleic acid seg^nent which hybridizes to the nucleic acid segment imder the 
hybridisation conditions dcscpV'! )-.^rein. ^'Acferabl>, the nucleic acid segments of the 
:riventio:-i wili have a high degree of sequence homology or identity to the sequence of SEQ ID 
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N0:1, and vsdll hybridize to the sequence of SEQ ID NO:l under both low and high stringency 
hybridization conditions. 

in one embodiment, the polynucleotide will encode a polypeptide having an amino 
acid sequence of at least about 10, 15, cr 20 contiguous amino acids from SEQ ID N0:2. More 
preferably, the polynucleotide will encode a polypeptide having an ammo acid sequence of at 
least about 25, 30, or 35 contiguous amino acids from SEQ ID N0:2, and more preferably still, 
will encode a polypeptide having an amino acid sequence of at leat about 40, 50, or 60 
contiguous amino acids from SEQ ID N0:2. An exemplary nucleic acid segment encoding such 
a sentrin polypepiice is exemplified in the human sentrin-1 polypeptide disclosed in SEQ ID 
N0:1. The nucleic acid segments and polynucieoiides of the present invention are preferably 
DNA, cDNA, RI-lA, or mRI\ A segments, witn cDIn A, DNA and mPJv!A segments being highly 
preferred. 

A further aspect of the invention concerns a recombinant vector and a transfomied 
host cell v,hich comprises a nucleic acid segment which encodes a whole or a portion of a 
sentrin polypeptide, and preferably, a sequence which encodes a whole or a portion of a human, 
murine, or j'east sentrin polypeptide. Highly prefeired recombinant vectors include those 
piasmids, phage, YACs, BACs, cosmids, phagemids, and the like which contain within its DNA 
sequence, (a) a nucleic acid segment which encodes a whole or a portion of a sentrin-1, sentrin- 
2, or sentrin-3 polypeptide; (b) a nucleic acid sequence which encodes the polypeptide of SEQ 
ID NO:2; (c) a nucleic acid sequence which encodes any contiguous polypeptide sequence 
contained within the sequence of SEQ ID N0:2; (d) a nucleic acid sequence which is 
complementary to a contiguous nucleic acid segment from SEQ ID N0:1, or (e) a nucleic acid 
sequence which hybridizes to the sequence of SEQ ID NO:l imder the hybridization conditions 
described herein. Preferably, the nucleic acid segment contained udthin such a recombinant 
vector will have a high degree of sequence homology or identity to the sequence of SEQ ID 
NO:K and will hybridize to the sequence of SEQ ID N0:1 under both low and high stringency 
hybridization conditions. Thus the homologous nucleic acid segments obtained through 
hybridization to nucleic acid segments derived from SEQ ID N0:1 will be substantially 
comp!ementar>^ to the particular nucleic acid segment used to identify the segment via 
hybridization metliodology. "Substantially complementary" sequences will be those that 
typically have at least about 75 or 80% homology to the sequence of SEQ ID N0:1. and more 
preferably will have at least about 85 or 90% homology to the sequence of SEQ !D NO:l, and 
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mosi preferably, those having at ieast about 95^-3 or higher sequence horno!ogy to the sequence 
of SEQIDNO:!. 

Highly preferred recombinant vectors and transformed host cells are thiose in which 
the sentrin nucleic acid sequence is operatively linked to a promolor, the promoisr express.ng 
the nucleic acid sequence. Preferably, the recombinant host cell is a prokaryotic cell, such as a 
bacterium, or aliemaiiveiy, an eukaryotic cell such as an animal, plant, insect, or j east cell. 
Preferred aiuinal cells aie ir.ainmalian cells such as those derived from rnunr,e oi huiiiaii origins. 

Recombinant vectors comprising sentrin nucleic acid segments finu partic ulai utility 
in methods of preparing senain polypeptides in a transformed host cell. Such a metfiod 
generally involves preparing a recombinant vector in which a mammalian z: yeast sentrin 
polypeptide-encoding nucleic acid segment is positioned imder d'^t control of a promoter; 
introducing the recombinant vector into a host cell; culturing the host cell under conditions 
eff^ective to allow expression of the encoded polypeptide; and collecting the expressed sentrin 
polypeptide. 

A further aspi.ct of the invention concerns a nucleic acid composition which is 
characterized as: an isoiared nucleic acid ^iegineru comprising a sequence region that consists of 
at least i*^ contiguous nuci^ot.des that have the same i^eqaer.cc as, or are compiementar>' to, 14 
contiguous nucleotides of 5EQ ID NO:i; or an isolated nucleic acid segment of from 14 to 
about 10,000 nucleotides in length that hybridizes to the nucleic acid segment of SEQ ID NO:l; 
or the complement thereof, under standard hybridization conditions. Preferably, the nucleic acid 
segment is defined as comprising a nucleic acid segment of from 14 to about 10,090 nucleotides 
in length that hybridizes tc the nucleic acid segment of SEQ ID NO:l, or the complement 
thereof, under stai-idard hybridization condiuons. Segment lengths of at least about 20, 30, 40, 
50, 60, 70, SO, 90, 100, 200, 300, -100, or 500 nucleotides or more are particularly useful as 
probes, pnmers, or templates foi DNA or R>JA synthesis. In certain embodiments, the inventors 
contemplate that the nucleic acid compositions of the invention may be up to about 10,000 
bascpairs in lengtli, or uhematively, may be shorter segments such as those up to about 5000, 
4000. 3000. 2000, 1000 or so base pairs in length. For certain uses, e\ en smaller segments such 
as those up to about 900. 800, 700, 600, 500, 400, 300, 200, or even 100 base pairs or so in 
lengiii may find particular utilii> or be parUwularly desirable for certain uses. 

In important embodiment, the invention also provides a merhod for detecting a 
nucleic acid sequence encoding a sentrin polypeptide. The method generally involves obtaining 
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sample nucleic acids suspected of encoding a sentiin polypeptide; contacting the sample nucleic 
acids with an isolated nucleic acid segment encoding the sentrin polypeptide under conditions 
effective to allow hybridization of substantially complementarj' nucleic acids; and detecting the 
hybridized complementary nucleic acids thus fom.cd. The sample nucleic acids may be located 
within a cell, or may be separated from a cell prior to contact. Typically, the sentrin 
polypeptide-encoding nucleic acid segment may also comprise a detectable label, whereby the 
hybridized complementarj' nucleic acids may be detected by detecting the label. A nucleic acid 
detection kit represents a farther aspecc of the invention. Such a kit may contain in suitable 
container means, one or more isolated sentrin nucleic acid segments, one or more detection 
reagents, and optionally one or mere restriction or pcJymerizing enzymes. 

A further aspect of the invention inNolves a method of detecting a ubiquitin 
conjugating enzyme polypeptide. The method generally mvolves contacting the polypeptide 
with an amount of a sentrin-1 polypeptide composition effective to bind the ubiquitin 
conjugating enzyme polypeptide, and detecting the complexes so bound. 

Also provided is a method of detecting a PML polypeptide. This method generally 
involves comacting the polypeptide suspected of being a PML polypeptide with an amount of a 
.sentrin-] polypeptide composition effective to bind the polypeptide, and detecting the 
complexes so bound. The method may typically involve obtaining a sample suspected of 
containing a sentrin polypeptide; contacting the sample with a first antibody that specifically 
binds to a sentrin polypeptide under conditions effective to form an immune complex; and 
detecting the immune complex so formed. 

Another aspect of the invemion is a method of inhibiting or preventing TNFR-or 
Fas/Apo-1 induced apoptosis in a cell. This method typically involves administering to a 
mamjTtal. such as a human, a pharmaceutical composition comprising an amount of a sentrin 
polypeptide composition effective to inhibit or prevent the apoptosis. 

A method of inhibiting or modulating sentrin polypeptide function in a mammal, 
compnsing administering to the mammal a composition comprising an antibody that specifically 

binds a sentrin polypeptide. 

A method of determining the aggressiveness of a tumor, comprising determining the 
amoum of a sentrin Do!ypept=de produced by a cell and comparing the amount so produced with 
a normal cell wherein overexpression of the protein is indicative of the aggressiveness of the 
tumor. 
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.Ajioihcr embouirntm cf the invention is a iTxelhod of producing cell-deaih in a ti-imor 
cell. This method comprises contacting chc tumor cell with a coiriposilion effectiv-i to prevent 
sentrinization in the cell. The sentrinization may be prevented by blocking the mteraction of 
sentrin and Ubc9, aiid me composition may comprise a C-termmai peptide fragment of senvrin, 
5 or alternatively, a small inJ-JDiior molecule which interacts wilh sentrin to prevent sentrinization 
from occunmg m tlie cell. Preferably, the composition comprises an amount of a polypeptide 
effective to inhibit TNFR- or Fas/APO-1 -induced apoptosis. 



2.1 Sentrin Affects Apoptosis 

10 Sentrin- 1 has several unique features which distinguish it from knov/n deatli-domain 

associated proteins. Sentrin- 1 does not comprise any known death domain sequences, yet it 
binds to both Fas/APO-l and T^JFR1, but not CE)40 or FADD/MORTl . Sentrin-1 protects the 
cells from both anti-FasAAPO-1 and INF-mediated cell death. WTiile the precise mechanism 
whereby sentrin-1 blocks cell death signaling is not clear, sentrin-1 appears to prevent binding 

15 of FADD/MORTl or TR.\DD or other proteins to Fas/APO-1 and TNFRl thus imermpting the 
signaling pathway. Alternatively, a more complex regulation mediated by seiurin-1 can be 
envisioned Sentrin most likely does not compete with the ubiquitin mediaced pathway of 
protem degradation. Ubiquitination and 'sentrinization*' represent distinct pathv^ays each with a 
specific target. 

20 Ilie identification of sentrin-1 thus has provided an important insight into the regulation 

of cell death signaling and identifies for the first time a regulatory protein for potential control of 
apoptosis. 

2.2 Sentrin-1 DNA Segments As Hybridization Probes And Primers 

25 In addition to their use in directing the expression of proteins or peptides of ihe present 

invention, die nucleic acid sequences contemplated herein also have a variety of other uses. For 
example, they also have utility as probes or primers in nucleic acid hybridization embodiments. 
As such, it is contemplated that nucleic acid segments that comprise a sequence region that 
consists of at least a 14 nucleotide long contiguous sequence that has the same sequence as. or is 

30 complementary to, a 14 nucleotide long contiguous DNA segment of SEQ ID NO:) will tlnd 
peaiicular utility. Longer contiguous identical or complementarv' sequences, e.g , those of about 
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20, 30, 40, 50, 100, 200. 300, 400, 500 bp, etc. (including all intermediate lengths and up to and 
including the fiiU-lengtli sequence of 507 basepairs will also be of use in certain embodiments. 

The ability of such nucleic acid probes to specifically hybridize to protein-encodmg 
sequences vnW enable them to be of use in detecting the presence of complementary sequences 
in a given sample. However, other uses are envisioned, including the use of the sequence 
information for the preparation of mutant species primers, or primers for use in preparing other 
genetic constructions. 

Nucleic acid molecules having sequence regions consisting of contiguous nucleotide 
stretches of about 10 to about 14, or from about 15 to about 20, or about 30, or about 40, or 
about 50, or even of from about 100 to about 200 nucleotides or so, identical or complementary 
to DNA .sequences of SEQ ID N0:1, are particularly contemplated as hybridization probes for 
use in, e g.. Southern and Northern blotting. Smaller fragments will generally find use in 
hybridization embodiments, wherein th.e length of the contiguous complementary region may be 
varied, such as between about 10-14 and about 100 or 200 nucleotides, but larger contiguous 
complementarity stretches may be used, according to the length complememary sequences one 
wishes to detect. 

Of course, fragments may also be obtained by other techniques such as, e.g., by 
mechanical shearing or by restriction enz>'me digestion. Small nucleic acid segments or 
fragments may be readily prepared by, for example, directly synthesizing the fragment by 
chemical means, as is commonly practiced using an automated oligonucleotide synthesizer. 
Also, fragments may be obtained by application of nucleic acid reproduction technology, such 
as the PGR™ technology of U. S. Patents 4,683,195 and 4,683,202 (each incorporated herein by 
reference), by introducing selected sequences into recombinant vectors for recombinant 
production, and by other recombinant DNA techniques generally known to those of skill in the 

art of molecular biology. 

Accordingly, the nucleotide sequences of the invention may be used for their ability to 
selectively form duplex molecules with com.plementary stretches of DNA fragments. 
Depending on the application envisioned, one will desire to employ varying conditions of 
hybridization to achieve varying degrees of selectivity of probe towards target sequence. For 
applications reqairing high selectivity, one will typically desire to employ relatively stringent 
conditions to form the hybrids, e.g., one will select relatively low salt and/or high temperature 
conditions, such as provided by about 0.02 M to about 0.15 M NaCl at temperatures of about 
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50°C to about 70''C. Such seleclive conditions tolerate liule, if any, mismatch between the 
probe and the tenriplate or target strand, and would be particularly suitable for isolating sentrin-1 
protein -encoaing DNA segments. Detection of DNA segments via hybridization is well-known 
to Lhose of skill in the arl, arid the teachings of U. S. Patents 4.965,188 and 5.176,995 (each 

5 incorporated herein by refeience; are exemp)ar>' of the methods of hybridization analyses. 
Teachnigs such as those found in the texts of Maloy et cL. 1 994; Segal 1976; Prokop, 1991; and 
Kuby, 1994, are particularly relevant. 

Cf cours'^, for some applications, for example, where one desires to prepare mutants 
employing a mutant primer strand hybridized to an underlying template or where one seeks to 

10 isolate sentiin-l protein-encoding sequences from related species, fimctional equivalents, or the 
like, less stringent hybridization conditions will typically be needed in order to allow formation 
of the heteroduplex. In these circumstances, one may desire to employ conditions such as about 
0.15 M to about 0.9 M salt, at temperatures ranging from about 20®C to about 55°C. Cross- 
hybridizing species can thereby be readily identified as positively hybridizing signals with 

15 ;ei;pect to control hybridizations. In any case, it is generally appreciated that conditions can be 
rendered mere siringeni by the addition of increasing counts of formamide, which serves to 
destabilize the hybrid duplex in the same manner as increased temperature. Thus, hybridization 
conditions can be readily manipulated, and thus will generally be a method of choice depending 
on the desired results. 

20 In certain embodiments, it will be advantageous to employ nucleic acid sequences of the 

present invention in combination wnth an appropriate means, such as a label, for determining 
hybridization, A wide variety cf appropriate indicator means are known in the art, including 
fluorescent, radioactive, enzymatic or other ligands, such as avidin/bictin, which are capable of 
giving a detectable signal. In preferred embodiments, one will likely desire to employ a 

25 fluorescent label or an enz>'me tag, such as urease, alk?!ine phosphatase or peroxidase, instead 
of radioactive or other environmentally undesirable reagents. In the case of enzyme tags, 
colorimemc indicator substrates are l-cnown that can he employed to provide a means visible lo 
the human eye or spectrophotonietricaliy, to identify specific hybridization with complementar>' 
nucleic acid- containing samples. 

30 In general, it is envisioned that the hybridization probes described herein will be useful 

both as reagents m solution hybridization as xve'l as in i^rinbodiments employing a solid phase. 
In en-ibodiments involving a solid phase, the test DNA (or PJsIA) is adsorbed or othen\'ise 
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affixed to a selected matrix or surface. This fixed, single-stranded nucleic acid is then subjected 
to specific hybridization with selected probes under desired conditions. The selected conditions 
will depend on the particular circumstances based on the particular criteria required (depending, 
for example, on the G+C content, type of target nucleic acid, source of nucleic acid, size of 
hybridization probe, etc.), Foilovving washing of the hybridized surface so as to remove 
nonspecifically bound probe molecules, specific hybridization is detected, or even quantitated, 
by means of the label. 

The present invention provides oligonucleotide hybridization probes useful in screening 
genomic and other nucleic acid libraries for DNA sequences encoding peptides, polypeptides, 
and proteins having activity the same or similar to that of sentrin-1, v/hich probes can be 
designed based on the sequences provided herein. In particular embodimems, such probes may 
range from about 16 to about 28 nucleotides in length, generally about 16 nucleotides in length, 
nuue typically about 20 nucleotides in length, preferably about 24 nucleotides in length, and 
more preferably about 28 nucleotides in length. Preferably, these probes specifically hybridize 
to genomic DNA and other DNA sequences encoding peptides, polypeptides, or proteins having 
the same or similar aciiviry as that of sentrin-L Such oligonucleotide probes can be synthesized 
by auiomaicd synthesis, and may be conveniently labeled at the 5' end with a reporter molecule 
such as a radionuclide, e.g., ^"^P, or biotin. 

Oligonucleotide probes such as those mentioned may be used to probe genomic or 
cDNA libraries. Genomic libraries for example may be constructed by fragmenting or digesting 
genomic DNA with a restriction enzyme such as .Saw3A, ligating the DNA fragments so 
obtained into a suitable vector such as lambda phage and expressing in a suitable host cell, 
typically E. coli, cDNA libraries represent complementary DNA copies of mRNA and are often 
preferred because the clones obtained ai e free of the introns or other noncoding sequences found 
in genomic DNA. In any event, construction of genomic and cDNA libraries are well known to 
those skilled in the art. 

Once consti-ucied, the library may be plated as colonies or phage, depending upon the 
vector employed, and the recombinant DNA transferred to nylon or nitrocellulose membranes. 
FoUouing denaturation, neutralization, and fixation of the DNA to the membrane, the 
membrane is hybridized v/ith the labeled probe (reporter molecule). Following this, the 
membrane is washed, and the reporter mciecule detected. Colonies or phage harboring 
hybridizing DNA are then isolated and propagated. Candidate clones or PCR'^^^-amplified 
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ttagments may be verified as comprsing DNA encoding sentnn-l or related peptides, 
polypeptides, or proteins having activity the sarre as or similar to that of sentiin-1 by a variet>' 
of means. For example, the cxnd: Jate clones may be hybridized with a second, non-overlapping 
probe, or sabjerted to DNA sequence asialysis. The activity of the peptide, polypeptide or 
5 protein encoded thereby car_ be assessed by cloning and expression of the DNA in an 
appropriate host such as yeast or £. coli, followed by isolation of the peptide, polypeptide, or 
protein, and assay of the activity thereof by methods such as that described herein. By such 
means, nucleic acids encoding sentrin-1 or peptides, polypeptides, or proteins biologicaJIi' 
functionally equivalent thereto, use^al in controlling or preventing apoptosis may be iscJated. 

10 Appropriately designed d(;ge:iera':c oligonucleotides may be used to screen genc»m;c 

libraries directly, and the isolated coding sequences may be inconporated iiito 
transfonnatiDii/expression vectors. Genomic DNAs and cDNAs isolated from huiri^p^s and other 
mammals may be probed using degenerate oligon-icleotide sequences based on the amir.o acid 
seq-ierce (SEQ ID NO:2) of senlrin-L The probes may be used in conjunction with PCR*^^ 

15 teclmology tinploying reverse transcriptase to amplify hybridiz^ble cDNAs. cDNAs are easily 
cloned in appropriate trarisformatioa'expression vectors a^.d introduced into suitable host cells, 
e.g., mammalian cells. The polypeptides encoded by the DNAs crin be expressed in the 
transformed cells and isolated using established procii-dures including poly aery lanc'ide gel 
electrophoresis and Western blots. 

20 Alternatively, degenerate oligonucleotides may be used as probes to screen cDNA 

libraries from eukaryotic cells in, for example, i?J:Tibda phage vectors such as 1 ZapII (Stiatagene, 
La Joila, CA). The cDNA isolated in this manner may be transferred to an appropriate 
transfomiaiion/expression vector fcr introduction into a host celL 

25 2.3 Recombin ant Vectors and Pkotein Expression 

In other embodiments, it is contemplated that certain advantages will be gained by 
posiiioning the coding DNA segment under the control of a recombinant, or heterologous, 
promoter. As used herein, a recombinant or heteioiogous promoter is intended to refer to a 
promoter that is not normally associated with a DNA segment encoding a senlrin-1 protein or 
30 peptide in its natural enviroriment. Such promoters may include promoters normally associated 
vvith other genes, and-'or promoters isolated from any bacterial, viral, eulcaryotic, or cell.' 
Naturally, it will be important to employ a promoter that effectively directs the expression of the 
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DNA segnienc in the cell type, organism, or even animal, chosen for expression. The use of 
promoter and cell t:/pe combinations for protein expression is generally known to those of skill 
in the art of molecular biology, for exanriple, see Sambrook et al.., 1989. The promoters 
employed may be constitutive, or inducible, and can used under the appropriate conditions to 
direct high level expression of the introduced DNA segment, such as is advantigeous m ths 
large-scale production of recombinant proteins or peptides. Appropriate promoter systems 
contemplated for use in high-level expression Include, but are not limited to, the Pichia 
expression vector system (Pharmacia LKB Biotechnology). 

In cormection with exprcbsion embodiments to prepare recombinant proteins and 
peptides, it is contemplated th?.: longer DNA segments will most often be used, with DNA 
segments encoding the entire peptide sequence being most preferred. However, it will be 
appreciated that the use of shorter DNA segments to direct the expression of sentrin-1 peptides 
or epitopic core regions, such as may be used to generate anti-sentrin- 1 protein antibodies, also 
falls within the scope of the invention. DNA segments that encode peptide antigens from about 
8 to about 50 amino acids in length, or more preferably, from about 8 to about 30 amino acids in 
length, or even more preferably, from about 8 to about 20 amino acids in length are 
contemplated to be particularly useful. Such peptide epitopes may be amino acid sequences 
which comprise contiguous amino acid sequences from SEQ ID N0:2. 

2.4 ANTIBODY Compositions and Methods of M.aking 

In particular embodiments, the inventors contemplate the use of antibodies, either 
monoclonal or polyclonal which bind to the sentrin-l proteins disclosed herein. Means for 
preparing and characterizing antibodies are well known in the art (See, e.g.. Antibodies: A 
Laboratory Manual, Cold Spring Harbor Laboratory, 1988; incorporated herein by reference). 
The methods for generating monoclonal antibodies (inAbs) generally begin along the same lines 
as those for preparing polyclonal antibodies. Briefly, a polyclonal antibody is prepared by 
immunizing an animal with an immunogenic composition in accordance with the present 
invention and collecting antisera from that immunized animal. A wide range of animal species 
can be used for the production of antisera. T)-pically the animal used for production of anti- 
antisera is a rabbit, a mouse, a rat, a hamster a guinea pig or a goat. Because of the relatively 
large blood volume of rabbits, a rabbit is a preferred choice for production of polyclonal 
antibodies. 
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IS well k.nowTi m the art, a given composition may var>' in its immunogenicit>'. It is 
often necessarv' therefore to boost the host immune system, as may be achieved by coupling a 
peptide or polypeptide immunogen to a carrier. Exemplar^/ and preferred carriers are keyhole 
limpet hemocyanin '^KLH) and bovine serum albumin (BSA). Other albumins such as 
5 ovalbumin, mouse senun albumin or rabbit serum albumin can also be used as carriers. Means 
for conjugating a polypeptide to a carrier protein are well known in the art and include 
elutaraldehyde, /w-nialeimidobenzoyl-N-hydroxysuccinim.ide ester, carbodiimide and bis- 
diazotized benzidine. 

As is also we!) known in the art, the irmnunogenicity of a particular immuncgen 

10 composition can be enhanced by the use of non-specific stiniulators of the immune response, 
known as adjuvants. Exemplary and preferred adjuvants include complete Freimd's adjuvant (a 
non-specific stimulator of the immune response containing killed Mycobacterium tuberculosis), 
incomplete Freund's adjuvants and aluminum hydroxide adjuvant. 

The amount of immunogen composition used in the production of polyclonal antibodies 

15 varies upon the nature of the immunogen as well as the animal used for immunization. A 
vanci\ of routes may be used to administer the immunogen (subcutaneous, intramuscular, 
inirodcrmal, intravenous and intraperitoneal). The production of poi> clonal antibodies may be 
monilored by sampling blood of the immunized animal at various points follov/ing 
immunization. A second, booster, injection may also be given. The process of boosting and 

20 tittering is repeated until a suitable titer is achieved. When a desired level of imrnunogenicily is 
obtained, the immunized animal can be bled and the serum isolated and stored, and/or the 
animal can be used to generate mAbs. 

m.Abs may be readily prepared through use of welI-kno>vn techniques, such as those 
exem.plified in U. S Patent 4,196,265, incorporated herein by reference Typically, this 

25 technique involves im.munizing a suitable animal with a selected immimogen composition, e.g., 
a purified or partially purified protein, polypeptide or peptide. The imimunizing composition is 
administered in a manner effective to stimulate antibody producing cells. Rodents such as mice 
and rats are preferred animals, however, the use of rabbit, sheep, or frog cells is also possible. 
The use of rats may provide certain advantages (Coding, 1986, pp. 60-61), but mice are 

50 nrefen-ed with the B.\LB/c m.ouse being most preferred as this is most routinely used and 
fjenerally gives a higher percentage of stable fusions. 
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Following immunization, somatic cells wich the potential for producing antibodies, 
specifically B lymphocytes (B cells), are selected tor use in the nriAb generating protocol. TTiese 
cells may be obtained from biopsied spleens, tonsils or lymph nodes, or from a peripheral blood 
sample. Spleen cells and peripheral blood cells arc preferred, the former because they are a rich 
source of antibody-producing cells that are in the dividing plasmablast stage, and the latter 
because peripheral blood is easily accessible. Often, a panel of animals will have been 
immunized and the spleen of anirnal with the highest antibody titer will be removed and the 
spleen lymphocytes obtained by homogenizing the spleen with a syringe. Typically, a spleen 
from an immu/iized mouse contains approximately 5 x iO' to 2 x IC lympnocytes. 

The antibody -producing B lymphocyies from the immunized anirnal are then fused with 
cells of an immortal myeloma cell, generally one of the same species as the ammal that was 
immunized. Myeloma cell lines suited for use m hybriaoma-producing fiision procedures 
preferably are non-antibody-producing, have high fusion efficiency, and enzyme deficiencies 
that render them incapable of growing in certain selective media which support the growth of 
only the desired fused cells (hybridomas). 

Any one of a nun-ibsr of myeloma cells may be used, as are known to those of skill in the 
art (Godmg, pp. 65-66, 1986; Campbell, pp. 75-83, i984). For example, where the immunized 
animal is a mouse, one may use P3-X65/Ag8, X63-Ag8.653, NSl/l.Ag 4 1, Sp210-Agl4, FO, 
NSO/U, MPC-Il, MPC11-X45-GTG 1.7 and S194/5XX0 Bui; for rats, one may use 
R2iO.RCY3, Y3-Ag 1.2.3, IR983F and 4B210; and U-266, GM1500-GRG2, LICR-L0N-HMy2 
and UC729-6 are all useful in connection with human cell fusions. 

One preferred murine myeloma cell is the NS-1 myeloma cell line (also termed P3-NS- 
l.Ag4-l). which is readily available from tlie NIGMS Human Genetic Mutant Cell Repository 
by requesting cell line repository number GM3573. Another mouse myeloma cell line that may 
be used is the 8-azaguanine-resistant mouse murine myeloma SP2/0 non-producer cell line. 

Methods for generating hybrids of antibody-producing spisen or lymph node cells and 
myeloma cells usually comprise mixing somaiic cells with myeloma cells in a 2:1 ratio, though 
the ratio may vary from about 20:1 to about 1:1, rsspeciively, in the presence of an agent or 
agents (chemical or electrical) that promote the fusion of cell membranes. Fusion methods 
using Sendai virus have been described (Kohler and Miistein, 1975; 1976), and those using 
polyethylene glycol (PEG), such as 37% (vol./voi.) PEG, (Gefrer ei ai, 1977). Tlie use of 
electrically induced fusion methods is also appropriate (Goding, 1986, pp. 71-74). 
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Fusion procedures usually produce viable hybrids at low frequencies, about 1 x 10"^ to 
1 X 10"^ However, this does not pose a problem, as the viable, fused hybrids are differentiated 
from the parental, unfused cells (particularly the unfused myeloma cells that would normally 
continue to divide indefinitely) by culturing m a selective medium. The selective medium is 
5 generally one that contair s an agent that blocks the de novo synthesis of nucleotides in the tissue 
culrare media. Exemplar)' and preferred agents are aminopterin. methotrexate, and azaserine. 
Aminopterin and ;r.ethotrexate block de novo synthesis of both purines and pyrimidines, 
whereas ^-^aserine blocks only purine synthesis. Where aminopterin or methotrexate is used, the 
r^edia is sunpleinented vith hypoxanthine and thymidine as a source of nucleotides (HAT 

10 medium). Where ?j7aserine is use J, the media is supplemented with hypoxanthine. 

The preferred selection medium is HAT. Only cells capable of operating nucleotide 
salvage pathways are able to siuvive in HAT medium.. The mye'.oma cells ai'e defective in key 
enzymes of the salvage pathway, e.g., hypoxanthine pbosphoribosyl transferase (HPRT), and 
they cannot siu^ive. The B-ce!ls can operate this pathway, but they have a limited life sp^n in 

1 5 cvlture and generally die v/ithin about tv/o wk. Therefore, the only cells that qzx\ survive in the 
selective media are those hybrids formed from myeloma and B-cel!s. 

This culturing provides a population of hybridomas from which specific hybridomas are 
selected. Typically, selection of bybridoma,s :s performed by culturing the cells by single clone 
dilution in microtiter plates, followed by testing the individual clonal supeniatants (after about 

20 two to three wk) for the desired reactivity. The assay should be sensitive, simple and rapid, such 
as radioimmunoassays, enzyme immu-noassays, cytotoxicitj/ assays, plaque assays, dot 
immunobinding assays, and the like. 

The selected hybridomas would then be serially diluted and cloned into individual 
antibody-producing cell lines, which clones can then be propagated indefinitely to provide 

25 m.A bs. The cell lines may be exploited for mAb production in two basic ways. A. sample of the 
hybridoma can be injected (often into the peritonea! cavity) into a histocompatible animal of the 
type that was used to provide the somatic and myeloma cells for the original fusion. The 
injected animal develops tumors secreting the speciftc monoclonal antibody produced by the 
ftised cell hybrid. The body fluids of the ajiimia), such as serum or ascites fluid, can then be 

30 tapped to provide mj\bs in high concentration. The individual cell lines could also be cultured 
in vitro, where the mAbs are naturally secre:ed into the culture medium from which they can be 
readily obtained in high coiicentrations. m,Abs produced by either means may be further 
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purified. if desired, using ftltration, centrifiigation and various chromatographic methods such as 
HPLC or affinity cliromatography. 

2.5 ELISAS AND IMMUNOPRECIPITATION 

ELISA3 may be used in conjunction with the invention. In an ELISA assay, proteins or 
peptides incorporating sentrin-1 protein antigen sequences are immobilized onto a selected 
surface, preferably a surface exhibiting a protein affinity such as the wells of a polystyrene 
microtiter plate. After washing lo remove incompietely adsorbed material, it is desirable to bind 
or coat the assay plate wells with a nonspecific protein that is tcnown to be antigenically neutral 
with regard to the test aniisera such as bovine serum albumin (BSA), casein or solutions of milk 
powder. This allows for blocking of nonspecific adsorption sites on the immobilizing surface 
and thus reduces the background caused by nonspecific binding of antisera onto the surface. 

After binding of antigenic material to the well, coating wth a non-reactive material to 
reduce background, and washing to remove unbound material, the immobilizing surface is 
contacted with the antisera or clinical or biological extract to be tested in a manner conducive to 
immune complex (antigen/antibody) formation. Such conditions pieferably include diluting the 
antisera with diluents such as BSA, bovine gamma globulin (BGG) and phosphate buffered 
saline (PBS)/Tween®. Tliese added agents also tend to assist in the reduction of nonspecific 
background. The layered antisera is then allowed to incubate for from about 2 to about 4 h, at 
lemperaiures preferably on the order of about 25° to about 27°C. Following incubation, the 
antisera-contacted surface is washed so as to remove non-immunocomplexed material. A 
preferred washing procedure includes washing with a solution such as PBS/Tween , or borate 
buffer. 

Following formation of specific immunocomplexes between the test sample and the 
bound antigen, and subsequent washing, the occurrence and even amount of immunocomplex 
formation may be determined by subjecting same to a second antibody having specificity for the 
first. To provide a detecting means, the second antibody will preferably have an associated 
enz\me that will generate a color development upon incubating with an appropriate 
cliromogenic substrate. Thus, for example, one will desire to contact and incubate the antiscra- 
bouiid surface with a urease or peroxidase-conjugated anti-human IgG for a period of time and 
under conditions which favor the development of immunocorriplex formation (e.g., mcubation 
for 2 h a: room temperature in a PBS -containing solution such as PBS Tween ). 
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After incubation with the second eni.>Tnc-:agged antibody, and subsequent to washing to 
remove unbourid material, the amount of label is quantified by incubation with a cbj-omogenic 
substrate such as urea and bromocresol purple or 2,2'-az;no-di (3 ethyl-berizthiazoline)-6- 
sulfcmc acid (ABT5) aiid H2O2, in the case of peroxidase as the enzyme label. Quantitation is 
then aci-aevcd by measui-irig the degree of color generation, e.g., using a visible spectra 
spectropnoiometer. 

iTie anti-sentnn-1 protein cuiti bodies of the present invention are panicularly useful for 
the isolation of other sentrin-1 protein antigens by immunoprecipitation. Imrnuiioprecipitation 
involves the separation of the target antigen component from a complex mixture, and is used to 
discriminate or isolate minute amounts of protcm. For the isolation of membrane proteins, cells 
must be solubilized into detergent micelles. Nonionic salts are preferred, since other agents 3uch 
as bile sails, precipiiaic at acid pH or in the presence of bivalent cations. 

In an alternative embodiment the antibodies of the present invention are useful for the 
close juxtaposition of two antigens, 'fhis is particularly useful for increasing the localized 
concentration of anugens, e.g. enzyme-substrate pairs. 

2.6 Western Blots 

The compositions of the present invencicn will find great use m immimoblot or vvestem 
blot analysis. The anti-peptide antibodies rnay be used as high-affinity primary reagents for llie 
identification of proteins immobilized onto a solid support matnx, such as nitrocellulose, nylon 
or combinations thereof In conjimclion with immimoprecipi-tation, followed by gel 
electrophoresis, these may be used as a single step reagent for use in detecting antigens against 
which secondar> reagents used in the detection of the antigen cause an adverse backgroimd. 
Tins is especially useful when the antigens studied arc immunoglobulins (precludmg tlie use of 
immunoglobulins bindmg bacterial cell wall components), the antigens studied cross-react vvith 
the aeiecting agent. 01 they migrate at the same relative molecular weight as a cross-reacting 
signal. 

Panicularly useful immunologicaiiy-based detection labels for use in conjunction with 
Western blouing include enzymaiically-, radiolabel-, or fluorescently-tagged seconuaiy 
aritibodies against the moiety. 
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2.7 Sentrin-1 Protein Screening and Detection Kits 

The present invention contemplates methods and kits for screening samples suspected of 
containing sentrin-1 protein polypeptides or sentrin-1 protein-related polypeptides, or ceils 
producing such polypeptides. A kit may contain one or more antibodies of the present 
5 invention, and may also contain reagent(s) for detecting an interaction between a sample and an 
antibody of the present invention. The provided reagent(s) can be radio-, fluorescently- or 
enzymatically-labeled. The kit can contain a laiown radiolabeled agent capable of binding or 
interacting with a nucleic acid or antibody of the present invention. 

The reagent(s) of the kit may be provided as a liquid solution, attached to a solid support 
10 or as a dried powder. Preferably, when the reagent(s) are provided in a liquid solution, the 
liquid solution is an aqueous solution. Preferably, when the reagent(s) provided aie atuched to 
a solid support, the solid support can be chromatograph media, a test plate having a plurality of 
wells, or a microscope slide. When the reagent(s) provided are a dry powder, the powder can be 
reconstituted by the addition of a suitable solvent, that may be provided 
15 In still further embodiments, the present invention concerns immunodetection methods 

and associated kits. It is proposed that the sentrin-1 proteins or peptides of the present 
invention may be employed to detect antibodies having reactivity therewith, or, alternatively, 
antibodies prepared in accordance with the present invention, may be employed to detect 
sentrin-1 proteins or sentrin-1 protein-related epitope-containing peptides. In general, these 
20 methods will include first obtaining a sample suspected of containing such a protein, peptide or 
antibody, contacting the sample with an antibody or peptide in accordance with the present 
invention, as the case may be, under conditions effective to allow the formation of an 
immunocomplex, and then detecting the presence of the immunocomplex. 

In general, the detection of inununocomplex formation is quite well known in the art and 
25 may be achieved through the application of mjunerous approaches. For example, the present 
invention contemplates the application of ELISA, RIA, immunoblot (e.g., dot blot), indirect 
immunofluorescence techniques and the like. Generally, immunocomplex formation will be 
detected through the use of a label, such as a radiolabel or an enzyme tag (such as alkaline 
phosphatase, horseradish peroxidase, or the like). Of course, one may find additional 
30 advantages through the use of a secondary binding ligand such as a second antibody or a 
biotin/avidin ligand binding arrangement, as is known in the art. 
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For assaying purposes, it is proposed that virtually any sample suspected of comprising 
either a sentrin-1 protein or ^jrpride or a sentrin-1 protein-related peptide or antibody sought to 
be detected, as the case may be, ^lay be employed It is contemplated that such embodiment? 
may have applii:atlon in the titering of antigen or antibody samples, in the selection of 
5 hybridomas, ar*d the like. In related embodiments, the present invention contemplates the 
preparation of kits that may be employed to detect the presence of sentrin-1 proteins or related 
peptides aiid/or ^ililrodies in a sample. Samples may include cells, cell supematants, cell 
suspensions, c('li extracts, enzyme fractions, protein extracts, or other cell- free compositions 
suspected of containing sentrin-1 proteins or peptides. Generally speaking, kits in accordance 

10 with the present invention will include a suitable sentrin-1 protein, peptide or an antibody 
directed against such a protein or peptide, together with an immunodetection reagent and a 
means for containing the antibody or antigen and reagent. The immunodetection reagent will 
typically comprise a label associated with the antibody or antigen, or associated with a 
secondar>' binding ligajid. Exemplary ligands might include a secondary antibody directed 

15 against the firs- antibody or antigen or a biotin or avidin (or streptavidin) ligand having an 
associated I^ibel. Of couise, as noted above, a number of exemplary labels are known in the art 
and all such labels may be employed ir, corinection v/ith the present invention. 

The container will generally include a vial into which the antibody, antigen or detection 
reagent may be placed, and preferably suitab^> aliquotted. The kits of the present invention will 

20 also typically include a means for containing the antibody, antigen, and reagent containers in 
close confinement for commercial sale. Such containers may include injection or blov%^-molded 
plastic containers into which the desired vials are retained. 

2.8 Compositions Efitopic Core Sequences 

25 The present invention also directed to protein or peptide composit!ons, free from total 

ceils and other peptides, which comprise a purified protein or peptide which incorporates an 
epitope that is immunclogicaliy cross-reactive with one or more anti-sentrin- 1 protein 
antibodies. In particular, the invention concerns epitopic core sequences derived from sentrin-1 
(SEQ ID N0.2) proteins or peptides. 

30 As used herein, the term "inrorpurating an enitcpe!^' that is immunologically cross- 

reacLi>'e with one or more anii-sentrin- 1 piotem antibodies" i> intended to refer to a peptide or 
protein antigen v/hich includes a primar> , secondaiy or teniarv strucrare similar to an epitope 
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|oca«d w,dun a senuin-. protein or polypeptide. The level of similarity will generally be to 
such a degree that monoclonal or polyclonal antibodies directed against the semrin-1 protem or 
polypeptide witl also bind to, react with, or otherwise recognize, the cross-reactive peptide or 
protein antigen. Various intmunoassay methods tnay be employed in conjonction w* such 
a„„bodies, such as, for example, Westetn o.otiing, EUSA. RIA, and the like, all of which are 

kiiown to those of skill in the an. 

Tl.e identification of sentrin-l protein immunodominant epitopes, and/or their functional 
equivalents, statable for use in vaccines is a relatively straightfotward matter. For example, one 
may employ th.e tnevhods of Hopp, as taugh. m U, S Pa.ant 4,554,101, iacovporated herein by 
reference, which teaches the identification ai.d preparation of epuopes fiom ammo acid 
sequences on the basis of hydrophilicity. The methods described in several ovher papers, and 
software programs based thereon, can also be used to identify epitope core sequences (see. for 
example Jameson and Wolf, 1988; Wolf ai, 1988; U. S. Patent Number 4,554,101). The 
amino acid sequence of these "epitopic coie sequences" may then be readily incorporated into 
peptides, either through the application of peptide synthesis or recombinant technology. 

Preferred peptides for use in accordance with the present invention will generally be on 
the order of about 8 to about 20 amino acids in length, and more preferably abotU 8 to about 15 
ammo acids in length. U is proposed that shorter antigenic sentrin-l protein-derived peptides 
will provide advantages in certain circumstances, for example, in the preparation of 
inimunologic detection assays. Exemplary advantages include the ease of preparation and 
purification, the relatively low cost and improved reproducibiUty of production, and 

advantageous biodistribution. 

It is proposed that particular advantages of the present invention may be realized through 
the preparation of synthetic peptides which include modified and/or extended 
epuopic/immunogenic core sequences which result in a ^'universal" epitopic peptide directed to 
sentrin-l proteins, and in particular to sentrin-l -related sequences. These epitopic core 
sequ^nces are identified herein m particular aspects as hydrophilic regions of the particular 
polvpeptide antigen. It is proposed that these regions represent those which are most likely to 
promote T-cell or B-cell stimulation, and, hence, elicit specific antibody production 

An epitopic core sequence, as used herein, is a relatively shon stretch of amino acids that 
is ••complementary" to, and therefore wUl bind, antigen binding sites on the sentnn-l prctem- 
directed anubodies disclosed herein. Additionally or al,err.ative!y, an epitopic core sequence is 
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onc that will elicit antibodies that arc cross-reactive with antibodies directed against tlie peptide 
compositions of the present invention. It vvil! be understood thai in the context of the present 
disclosure, the tcrr^; "ccmplementCiry" refers to amino acids or peptides that exhibit an attractive 
force towards each other. Tlrus, certain epitope core sequences of the present inven:ion mzy be 
5 operationally defined in terns of their ability to compete with or perhaps displace the binding of 
the desired protein antigen with the corresponding protein-directed antisera. 

In general, the size of the polypeptide antigen is not believed to be particularly cpjciai, 
so long as it is at least large enough to carry the identified core sequence or sequences. The 
smallest useful core sequence anticipated by the present disclosure would generally be on the 

10 order of about 8 amino acid? .*n Wngti\, v.ith sequencers on the order of IC to 20 being more 
preferred. Thus, this size v/ill generally correspond to the smallest peptide antigens prepared in 
accordance with the invention. However, the size of the antigen may be larger where desired, so 
long as it contains a basic epitopic core sequence. 

The identification of cpitopi; core secjuences is knov*ii to those of skill in the art, for 

15 example, as described in U S. Patent 4,554,101, incorporated herein by reference, which teaches 
the identification and preparation of epitopes from amino acid sequences on the basis of 
hydrophilicity Mor^^over, nuinerous «vOmputer programs are available for use in predicting 
antigenic ponions of proteins (see e.g., Jameson and Woif 198S; Wolf a ai, 1988). 
Computerized peptide sequence analysis programs {e.g., DNAStar® software, DNAStar, Inc., 

20 Madison, V/I) may also be usefiil in designing synthetic peptides in accordance with the present 
disclosure. 

Syntheses of epitopic sequences, or peptides which include an antigenic epitope within 
their sequence, are readily achieved using conventional synthetic techniques such as the solid 
phase method {e g., through the nst of coniiTierciaily available peptide synthesizer such as an 
25 Applied Biosy stems Model 430 A Peptide Synthesizer). Peptide antigens synthesized in this 
manner may then be aliquotted in predetermined amounts and stored in conventional manners, 
such as m aqueous solutions or. even more preferably, in a powder or lyophilized state pending 
use. 

In general, due to the relative stability of peptides, they may be readily stored in aqueous 
30 solutions for fairly long periods of time if desired, e.g., up to six months or more, in virtually 
any aqueous solution without appreciable degradation or loss of antigenic activity. However, 
where extended aqueous storage is contemplated it will generally be desirable to include agents 
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including buffers such as Tris or phospha:. buffers to maintain a pH of about 7.0 to about 7.5. 
Moreover, it may be desirable to include agents which will inhibit microbial growth, such as 
sodium azide or Merthiolate. For extended storage in an aqueous state it will be desirable to 
store the solutions at about 4»C, or more preferably, frozen. Of course, where the peptides are 
stored in a lyophilized or powdered state, they may be stored virtually indefinitely, e.g., in 
metered aliquots that may be rehydrated with a predetermined amount of water (preferably 
distilled) or buffer prior to use. 
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2.9 Biological Functional Eqi^ivalents 

2.9.1 Polypeptides Comprising Conservative Amino Acid Changes 

Peptides, polypeptides, and proteins biologically functionally equivalent to sentrin-1 
include amino acid sequences containing conservative amino acid changes m the fundamental 
sequence shown in SEQ ID N0:2. In such amino acid sequences, one or more amino acids in 
the fundamental sequence is (are) substituted with another amino acid(s), the charge and polarity 
of which is similar to that of the native amino acid, a conservative amino acid substimtion, 

resulting in a silent change. 

Substitutes for an amino acid within the ftindamental polypeptide sequence car. be 
selected from other members of the class to which the naturally occurring amino acid belongs. 
Amino acids can be divided into the following four groups: (1) acidic amino acids; (2) basic 
amino acids; (3) neutral polar amino acids; and (4) neutral non-polar amino acids. 
Represemative amino acids within these various groups include, but are not limited to: (1) acidic 
(negatively charged) amino acids such as aspartic acid and glutamic acid; (2) basic (positively 
charged) amine acids such as arginine, histidme, and lysine; (3) neutral polar amino acids such 
as glycine, serine, threonine, cjteine, cystine, tyrosine, asparagine, and glutamine; (4) neutral 
nonpolar (hydrophobic) amino acids such as alanine, leucine, isoleucine, valine, proline, 
phenylalanine, tryptophan, and methionine. 

' Conservative amino acid changes within the fundamental polypeptide sequence can be 
made by substituting one amino acid within one of these groups with another amino acid within 
the same group. Biologically f^anctional equivalents of sentrin-1 can have IC or fewer 
conservative amino acid changes, more preferably seven or fewer conservative amino .cid 
changes, and most preferably five or fewer conservative amino acid changes. The encoding 
nucleotide sequence (gene, plasmid DNA. cDNA. or synthetic DNA) will thus have 
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corresponding base substitutions, permining it to encode biologically functional equivalent 
forms of sentrin- 1 . 

The biologically fionctional equivalent peptides, polypeptides, and proteins contemplated 
herein should possess about 80% or greater sequence similarity, preferably about 85% or greater 
sequence similarity, and most preferably about 90% or greater sequence similarity, to the 
sequence of, or corresponding moiety within, the fundamental sentrin- 1 amino acid sequence. 

As indicated, modification and changes may be made in the structure of the peptides of 
the present invention and DNA segm.ents which encode them and still obtain a functional 
molecule that encodes a protein or peptide with desirable characteristics. The following is a 
discussion based upon changing the amino acids of a protein to create an equivalent, or even an 
improved, second-generation molecule. In particular embodiments of the invention, mutated 
sentrin- 1 proteins are contemplated to be useful for increasing the activity of the protein, and 
consequently increasing the activity and/or expression of the recombinant transgene in a cell. 
The amino acid changes may be achieved by changing the codons of the DNA sequence, 
according to the codons given in Table 1 . 

For example, certain amino acids may be substituted for other amino acids in a protein 
structure without appreciable loss of interactive binding capacity with structures such as, for 
example, antigen-binding regions of antibodies or binding sites on substrate molecules. Since it 
is the interactive capacity and nature of a protein that defines that protein^s biological functional 
activity, certain amino acid sequence substitutions can be made in a protein sequence, and, of 
course, its underlying DNA coding sequence, and nevertheless obtain a protein with like 
properties. It is thus contemplated by the inventors that various changes may be made in the 
peptide sequences of the disclosed compositions, or corresponding DNA sequences which 
encode said peptides without app^-eciable loss of their biological utility or activity. 

In making such changes, the hydropathic index of amino acids may be considered. The 
importance of the hydropathic amino acid index in conferring interactive biologic ftinction on a 
protein is generally understood in the art (Kyte and Doolittle, 1^82, incorporate herein by 
reference). It is accepted that the relative hydropathic character of the amino acid contributes to 
the secondary structure of the resultant protein, which in turn defines the interaction of the 
protein with other molecules, for example, enzymes, siibstrates, receptors, DNA. antibodies, 
antigens, and the like. 
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Table 1 



AMINO ACIDS 














Alanine 


Ala 


A 








GCU 


Cysteine 


Cys 


C 


UCjC 


T Tr:T T 






Aspartic acid 


Asp 


D 


uAL 


r; AT T 






Glutamic acid 


Glu 


E 


GAA 


OAO 






Phenylalanine 


Phe 


F 


uUC 


T TT TT T 
UUU 






Glycine 


Gly 


G 


GGA 




VJvJvJ 


VJ VJ \J 


Histidine 


His 


H 


CAC 


A T T 






Isoleucine 


He 


I 


AUA 


AUC 


A 1 TT T 
AUU 




Lysine 


Lys 


K 


AAA 


AAG 






Leucine 


Leu 


L 


UUA 


UUG 


T A 
CUA 


PTTP 


Methionine 


Met 


M 


AUG 








Asparagine 


Asn 


N 


AAC 


AAU 






Proline 


Pro 


P 


CCA 


CCC 




CC\ T 


Glutamine 


Gin 


Q 


LAA 








Arginine 


Arg 


R 


AGA 


AGG 


CGA 


CuC 


Serine 


Ser 


s 


AGC 


AGU 


UCA 


UCC 


Threonine 


Thr 


T 


ACA 


ACC 


ACG 


ACU 


Valine 


Val 


V 


GUA 


GUC 


GUG 


GUU 


Tryptophan 


Trp 


W 


UGG 








Tyrosine 


Tyr 


Y 


UAC 


UAU 







CUG CUU 



CGG CGU 
UCG UCU 



Each amino acid has been assigned a hydropathic index on the basis of their 
hydrophobicity and charge characte.ist.es ^Kyle and Doolittle, 1982), these are: isoleucine 
(+4.5); valine (+4.2); leucine (+3.8); phenylalajiine (+2.8); cysteine/cystine (+2.5); methionine 
(+1.9); alanine (+1.8); glycine (-0.4); thieonme (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine 
(-1.3); proline (-1.6); histidine (-3.2), glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); 
asparagme (-3.5); lysine (-3.9), and arginine (-4.5). 

It is known in the art that certain ammo acids may be subsiimied by other ammo acids 
having a similar hydropathic index or score and still result in a protein with similar biological 
activity, i.e.. still obtain a biological functionally equivalent protein. In making such changes. 
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the substitution of amino acids whose hydropathic indices are within ±2 is preferred, those 
which are within ±1 sire particularly preferred, and those within ±0.5 are even more particularly 
preferred. 

It is also U3iderstoed in the art that the substitution of like amino acids can be made 
effectively on the basis of hydrophilicity U. S. Patent 4,554,101, incorporated herein by 
reference, states that the greatest local average hydrophilicity of a protein, as governed by the 
hydrophilicity of its adjacent amino acids, coirelates with a biological property of the protein. 

As detailed in U. S. Patent 4,554,101, the following hydrophilicity values have been 
assigned to amino acid residues: arginine (+3.0); lysine (-^3.0); aspartate f ^3 0 ± 1); glutamate 
(+3.0 ± 1); serine (-^0.3); asparagine (+0.2): glutamine (+0.2); glycine (0); threonine (-0.4); 
proline (-0.5 ± !); alanine (-0.5'*; histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (- 
1 5»: leucine ( -1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). 

2.9,2 Fragments and Vari.ants of Sentrin-1 

v\'hi!e the sentrln-1 polypeptide of the present invention preferably comprises the amino 
vicid s.'cwcnce showTi in SEQ ID NO:2, fragments and variar-.ts of this sequence possessing the 
san^c or similar acdvity as that of this polvpeotide are also encompassed by the present 
m\ cT^ii'jn Thus contiguoi^s sequences of 8 or more ajnino acids in SEQ ID NO:2 may exhibit 
such activity. 

Fragments of sentrin-1 can be truncated forms wherein one or more amino acids are 
deleted from the N-terminal end, C-terminal end, the m>idd!e of the polypeptide, or combinations 
thereof. These fragments can be naturally occurring or synthetic mutants of sentrin-1 and 
should retain the activit>' of sentrin-1. Variants of sentrin-1 include forms wherein one or more 
amino acids has(have) been inserted into the natural sequence. These variants can also be 
natural!) occurring or synthetic mutants of sentrin-1, and should retai.n the activity of sentrin-1 . 

Combinations of the foregoing, i.e., forms of the sentrin-1 polypeptide containing both 
amino acid deletions and additions, are also encompassed by the present invention. .Ajnino acid 
substitutions can also be present therein as well. The fragments and variarits of sentrin-1 
iiiconipasscd by the present invention should preferably possess about 70% or greater sequence 
similarity, more preferably about 80% or greater sequence simjlarit>' and most preferably about 
90% or greater sequence similarity, to the corresponding regions of sentrin-1 having the amino 
acid sequence shown in SEQ ID NO:2. 
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2.9.3 Other Biologically Functional Equivalent Forms 

Other biologically fiinctional equivalent forms of sentrin-1 useful in the present 
invention include conjugates of the polypeptides, or biologically functional equivalents thereof 
as described above, with other peptides, polypeptides, or proteins, forming fusion products 
therewith exhibiting the same, similar, or greater activity as compared with that of sentrin-1 
having the amino acid sequence shown in SEQ ID N0:2. 



2.10 Protein Compositkons 

An apoptosis i.ihibiiing composition, comprising an effective amount of one or more of 
the isolated seiurm-i polypeptides of the present invention are contemplated. Preferred 
compositions comprise the amino acid sequence shown in SEQ ID N0:2, and an acceptable 
carrier. The composition may be used for inhibiting or controlling cell death. The necessary 
additives, carriers, inert materials, surfactants, solvents, etc., which may be useful in preparing 
pharmaceuiically acceptable formulations of the compositions of the invention are well known 
in the art, and may typically be prepared using conventional methods. Using these formulations, 
it is also possible to prepare mixtures of the present polypeptide with other active substances, 
such as members of the Bcl-2 family, including Bcl-xL, McM and Bcl-2 as well as inriibitors of 
the family of cysteine proteases. 

3.0 Brief Description of the Drawings 

The following drawings form part of the present specification and are included to further 
demonstrate certain aspects of the present invemion. The invention may be better understood by 
reference to one or more of these drawings in combination with the detailed description of 

specific embodiments presented herein. 

FIG. lA. Interaction pattern of sentrin-1. Yeast two-hybrid system was used to 
map the interactions between sentnn-1 and proteins of interest. Sentrin-1 interacts with the 
death domains of Fas/APO-l, TMFRi, but not CD40. or FADD/K40RT1. The death domain is 
shaded. — indicates posinve interaction and -. no interaction. Fas/APO-l and FADD.TvlORTl 
interaction were used as positive control in all studies. 
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FIG. IB. Northern bici analysis using sentrin's cD?n>\ insert as r. p^obe shows 
transcript of approximately 1.8 kb expressed in all tissues. Level of message is higher in heart, 
skeletal muscle, testis, ovar>' and thymus. 

FIG. 2A. Shown is the nucleotide and predicted amino acid sequence of sentrin-1 
5 cDNA. Nucleotides are numbered on the left and amino acid residues are numbered on the 
right. The start ccdon ATG and the stop codon TAG are single underlined, /unino acids are 
indicated in the single leuei code. 

FIG. 2B. Sho'wn is the homology of sentrin-I and ubiquitin. A BI. AS"^ search of 
the entire data base through the National Center for Biotechnology Information (Bethesda, MD) 
10 (Altschul et al, 1990) levealed sequence homology of sentrin-1 v/ith be yeast 
Saccharcmyccs cerevisiae Smt3, ubiquitin, NeddS, the ubiquitin domain to Bag-1 (37-73). 
Pvcsidues idenucal between sentrin-1 and Smt3 are shown in bold; Residues identical among all 
sequences are shaded. 

FIG. 3. In-vitro interaction between sentrin-l and the cell death domains of 

15 Fas/A?0-1 and T:\TR1. Lane 1, GST-FasA-^J^O-l (175-3i9AA). Lajie 2, GST-F2s/APO-l 
(V238N), Lane J, GST-TNFRi (326-J26.-V\), Lar*e 4, GST-TNFRl A20 (326-406AA). T^ie 
positions o : molecular mass markers (in kilodaltons) are shown on the left of the filters. Tlie 
position of GST-Fas/ APO-1 is indicated by an arrow and that of GST-TNFRl by an Jirro^v head. 
FIG. 4A. Effect of sentrin-1 expression on cell survival after treatment with anti- 
20 anti-Fas/APO- 1 -mediated cell death in BJ/3 cells (n==5). 

FIG. 4B. Effect of sentrin-I expression on cell suivival after treatment with anti- 
TNr-induced cell death in L929 cells (n--5). n= number of independent studies. Results are 
expressed as mean+/-standard enor. 

FIG. 5. Western blot analysis of sentrin-1 expression in hurrian cell lines Total 

25 cell ly sales were analyzed by \\'estern blotting using antiserum against the N-terrninal 21 amino 
acids of sentrin-1 pre-absorbed with either MBP or MEP-Senirin-L 

FIG. 6A. Comparison between ubiquilination and sentrinization in COS cell 
lysates. COS cells were transfected v/ith either empty vector, or pcDNA3/HA-Ubiquitin, or 
pcDNA3/'HA Sentrin-l . Total cell lysates were analyzed by Vvestern blot analysis using anti- 
30 HA miAb (16B12). Sentrin-i monomer and p90 are indicated by arrow heads. The high 
molecular weight bands are indicated by bracket with star. Molecular mass standards are 
expressed in kilodaltons. 
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FIG. 6B. C-lerminal processing of HA-tagged sentrin-1 mutants. Empty vector and 
piasmid containing wild type sentrin-1, HA-tagged sentrin-1 and various HA-tagged sentrin-1 
mutants transiently expressed in COS cells. The lysates were analyzed by Western blot analysis 
v«th either anti-HA mAb (16B12) (upper panel) or with anti-sentrin-l antiserum (lower panel). 
Molecular mass standards ai-c expressed in kilodaltoas. 

FIG. 7A, Immunocytochemical localization of ubiquitin versus sentrin- 1 . COS cells 
transfected with empty vector (Control), piasmid with HA-Ubiquitin cDNA insert (Ubiquitin), 
or piasmid with I lA-Sentrin-i cDNA inseit (Sentrin-1) were stained with anti-HA mAb (16B12) 
as described. 

FIG. 7B. Western blot analysis of subcellular fractionations. COS cells were 
transfected with piasmid containing HA-tagged wild type sentrin-1 insert. Nuclear fraction 
(Nuc), cytosolic fraction (SlOO), or PlOO was prepared as described a.nd analyzed by Western 
blot analysis using anti-HA mAb (12CA5). Non-specific bands are indicated by an asterisk. 
Molecular mass standards are expressed in kilodaltons. 

FIG. 8. Mapping of the interaction of sentrin-1 with Ubc9 using the yeast Uvo 

hybrid assay. ++++ color change in 45 min; ^ color change in 2 h; -m- color change in 6 h; - 
color change in 12 h; - no color change or color change >24 h. All of the interactions have been 

repeated at least three times. 

FIG. 9. In vitro interaction of sentrin-1 with Ubc9. In vitro translated sentrin- 1 

(lane 1) was precipitated by GST-Ubc9 (lane 3), but not by GST alone (lane 2). The positions of 
labeled sentrin-1 (18 kDa) (closed arrowhead) and the GST-Ubc9-sentrin-l conjugate (60 kDa) 
(open arrowhead) are indicated. Lanes 1-3 were run in-non-reducing conditions. Lane 4, 
sentrin-1 precipitated by GST; Lane 5, sentrin-1 precipitated by GST-Ubc9, Lanes 4 and 5 were 
treated with 5% p-mercaptoethanol. 

FIG. 10. In vitro interaction of sentrin-l with Ubc9 and Ubc9(C93S). In vitro 
translated sentnn-1 (lane 1) was precipitated by GST (lane 2), GST-Ubc9 (lane 3), and GST- 
Ubc9(C93S) (lane 4). The positions of labeled sentrin-1 (18 kDa) (closed arrowhead) and the 
GST-Ubc9- sentrin-1 conjugate (60 kDa) (open arrowhead) are indicated. 

FIG.llA. Modification of PML by sentrin-1. COS cells were rransfected with 
empty vector (lanes 1.3,5) or with piasmid containing cDNA insert encodmg HA-PML (lanes 
2,4,6) and the lysates were analyzed by SDS-PAGE under reducing condition, followed by 
Western blotting (HA-tagged PML was expressed in COS cells by transfection with 
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pcDNAi/R-A-PML as described (Kamitani e( ai. 1997a). The jfiilMength cDNA of PML was 
prepared from the plasmid pMAMneoPML (Mu et al. 1994 ), and ligaied into pcDNA3/HA-N 
(Kaniitani et ai, 1997a; Kamitani et ai. 1997b) or pcDMA3,TlK-C lo generate pcDNA3/HA- 
PML or pcDNA3/?ML-RH). .\nti-mouse PML monoclonal antibody (Santa Cruz 
Biotechnology, Santa Croz, CA) was apphed to lanes 1 and 2; rabbit polyclonal anti-PML 
antiservmi was applied to lanes 3 and 4; mouse anti-HA monoclonal antibody, 16B12 (BAbCo) 
was applied to lanes 5 and 6. An arrowhead indicates unmodified PML. 

FiG. IIB. Modification of PML by seatrin- l. COS cells were transfected with 
vector (lanes i.3,5) or with plasrnids containing cDNA inserts encoding HA-PML (lanes 2,4,6). 
'n-ie iy sates were analyzed by Western blotting directly (lanes 1-2) or after immunoprecipitaticn 
with anti-FADD antisennn (lanes 3-4) or wth anti-sentrin-1 antisenmi (lanes 5-6). Two 
different anti-HA antibodies (12CA5 and 16B12) were used in Western blot analysis. 

FIG. lie. Modification of PML by sentrin-1. PML tagged with HA-epitope (lanes 
1, 3) or RH-epitope (lanes 2, 4) v;as expressed in COS cells. The tagged protein was 
precipitated with Ni-charged beads and analyzed by Western blotting using rabbit anti-sentrin-1 
antiserum (Kaniitani a a!., 1997a) (lanes i-2) or mouse anti-RJ-I monoclonal antibody (lanes 3- 
4). Unconjugated PML is indicated by an of>cn ariowhead. Molecular size markers are shown 
on the left in kilodakons. 

FIG. 12. ;\inino acid alignment of NHDD8, ubiquitin, and the sentrin family 
members. Identical amino acids are printed in bold type. Lys48 of ubiquitin, critical for the 
formation of ubiquitin multirners, is indicated by an open triangle. The Gly residue critical for 
conjugation is marked by a closed triangle. A^ccession numbers for human NEDD8, sentrin-1 
(DNA: SEQ ID NO: 1 ; protein: SEQ ID NO:2), sentrin.2 (DNA: SEQ ID NO:3; protein. SEQ ID 
NO:4), and sentrino (DNA: SEQ ID NO:5, protein, SEQ ID N0:6) are 
D23662/AA484409rN24312, U83117, X995S5/T08096 and X99584, respectively. 

FIG. 13A. Modification of PML by sentrin-1, s;^ntrin-2. and sentrin-3, but not by 
NEDDS, or ubiquiim. RH-RanGAPl was co-e:<pressed in COS cells with HA-Rad51 (lanes 
1,7), HA-ubiquitin (lanes 2,8), HA-NEDD8 (lanes 3.9), HA-sentrin-l (lanes 4,10), HA-sentrin-2 
(lanes 5.11), or HA-sentrin-3 vlanes 6,12). The RJ-I-RanGAP) and its derivatives were 
precipitated with Ni -charged beads and analyzed by inimunoblott.pg with anti-HA monoclonal 
antibody (lanes 1-6) or with anti-RH monoclonal ii^nbcdy (lanes 7-12) (For the N-terminal and 
C-terminal laggmg of RH-epitope fRGSHHHHIIH), (SEQ ID N0:7) pcDNA3/RH-N and 
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.r.,.d resDectively by the insertion of RH adaptor duplex into pcDNA3 
pcDNA3/RH-C were generated respectively oy 

c n;.on CA-» RH-tagged RanGAPl or PML >Aerc expressed m COS cells by 
(Inv trogcn, San Diego, CA). km lagb-^ r^xTAi/RV 
Lsr=«,o„ w>«. p.DNA3/RH-Ra„GAP. pc.H.3~. To co„s,™c. pcDNA^ 
KanOAP,, Che «.U-.=n^ cDNA of RanOAP, was a.p«««. fto. h„n.a„ ^ ^'^^^^ 

r-A^ PGR™ using primers S'-CTTAGGAJO^: 

<C,o„,ec. Palo J^^ ^^^^^^ 

ATGOCCTCOOA.AGACATTGC-3 (S^Q ID NU.5) nMAimH N to 

CA0C0TCT0.3. (SEQ .D NO.,. Tl>e PCR~ produc. „a, in^ea ««> P=^>^^^^ 
,.„era.e pcDNA3,1«-R..0APl. .n cder .o the co„juga«o„ of s«,»^ fanu. 

:le. o Ra^CMn o. PML, K:..Ka„OAP-, PM.-PH «as co-=xp^ HA-^^- 

f„„„v„d by western blotting with a„,i-HA (..6B!2, BAbCo) .o detect sentntuzcd RH-t^g^ 
p„tei„ Jal. with anti-RH to detect derivatives of RH-tagged ptotcns. The tnouse a. -RH 
ToLio., a^tibod, (specifc fot tbe antino acid sequence, ROSHHHH (SEQ ,0 NO:, > 
p^ba^d fto.. QU.OEN (Cbatswotth, CA,. U^odifled RanOAPi, RanOAP. nto^ ed b, 
„a.,ve COS ce,l sentrin, and RanOAP, tnodified by HA-se„trins are indicated on ,hc nght. 

F,G ,3B. Modification of PML by .sentrin-,. sentrin-2, and senmn-., btt, no. 
NEDD8, or ubi,uitin. PML-RH « co-exp.ssed in COS ee„s with HA-ubi,ui.M.anes ^ 
HA.NEDDS Oanes 3,„, HA-sentrin-, (,anes 4,,0,, HA-sentrin-^ (,anes 5,,„. or HA.sen.nn.3 
canes 6,,2,. COS ce„s expressing RH-RanCAP, and PU-sentrtn-, used as corttro, 
Les , 7, PML.RH ^d its derivatives were precpttated with Ni-charged beads and ana, zed 
y intntliotting wrth anti-a. .onociona, ..ibody (ianes ... or With anti-R^^ 
altibody aanes 7.,2). Ur.ntodif,ed PML is .nd.cated by at, arrowhead. Sentn„,zed PML bands 

ar** marked by a bracket. 

nC. 13C. Modificauon of PML by sentrin-i , sen,ri„.2, and sen.ri„.3, but no, by 

NEDOS, or ubi,uiti„. COS ee«s were transfected w„h entpry piasmid (iane or 
piasmids containing cDNA insert encoding HA-tagged sentrin-,, sentrin-2, or sent™-, (iane 2^ 
, respect,ve,y, or with piasnrids eontatning cDNA insert encod,ng "A-..^^ 
,aa ,-96), se„,nn-2-0 (a.a. ,-«), sen.rin-3-0 ,a.. ,-9,) Oanes 3, 5, 7, respectweiy) (also se 
.,G The lysa.es were ar.a,yzed by immunobloning with an,i-HA anubody. Unconjugated 
, sen..rir.an.<Jp90(se„,nnizedRanGAP,)wereindicatedbyanopentriang,=. 

F,G .3D Mod:f,c».ion of PML by sentrin-,, sentrin.2, and senmn-., but not bj 
^EDDS .or ubicuitin. PML-R,-: was co-expressed ,n COS ceUs with HA-sentrin-, Oanes ,, 
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HA-senuin-2 (lanes 2, 6), RVsentrin-l-G (lanes 3, 7), cr HA semrin-2-G (lanes 4,8). PML-RH 
and its derivatives were precipitated with Ni-charged beads and analyzed by immunoblotting 
with anti-HA monoi:iO:ir.l antibody (lanes 1-4) or with anti-RH moneclonal antibody (lanes 5-8). 
Unniodified PML is indiopjed by an arrowhead. Sentrinized PML bands are marked by a 
bracket. Moleculsr size jnaikers are sho'ivn on the left in kilodaltons for FIG. 13 A, FIG. 13B, 
FIG nCoiidFIG. 13D. 

4.0 DESCRIFTiON OF ILLUSTRATIVE EMBODIMENTS 

Disclosed herein is the identification of a novel protein, sentrin, which binds to the death 
domains of Fai,/APO-l ajid TNFRl, but not FADD/'VIOPTI. It has been found that when 
overexpressed, sentvin protect^; cells from both aiiti-Fas/APO-1 ?.nd TNF-induced cell death. 

The mechanism of eel) death, signaling caused by Fas/APO-1 or TNFRl is complex 
(Kischikel al, 1995; Hsu et al, 1996a; Chinnaiyan et al, 1996). It is clear, however, that tlie 
death domains of Fas/APO-1 and T^JFRT provide important platforms for protein-protein 
interaction to occur. The de?th domairi could initiate the recruitment of downstream signaling 
pioteixis. sv-.h cts FADD/MORTl, TF>ADD, and FLICE/>^.ACH (KischJcel et a/., 1995; Muzio et 
aL, 1996; Boldin et al , 1996, Hsu ^i al , !996a; Chinraiyan ct al, 1996). The death domain 
could also -ecnjit kinases or phosphatases which Vvill further modify death-domain associated 
signaling proteins (Stanger et al ^ 1995; Daraay ci al, 1994; 1995). Thus, cell death domain 
associated proteins could have either pro-apoptotic or anti-apoptotic property depending on the 
instrinsic property of the protein. It appears, however, that since the death comain docs not 
contain any apparent kinase or phosphatase motif, its signaling function must be dependent on 
other associated proteins. 

4.1 Probes And Prjmers 

DNA sequence iiiformation provideii by the invention allows for the preparation of 
relatively short DNA (or RNA) sequences having the ability to specifically hybridize to gene 
sequences of the selected polynucleotitles disclosed herein. Nucleic acid probes of an 
appropriate length may be prepared based on a consideration of a sentrin protein gene sequence, 
e.g.. a sequence such as that showTi in SEQ ID NO: 1. The ability of such DNAs and nucleic 
acid probes to specifically hybcidize tj a sentrin protein-encoding £.ene sequence lends them 
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particular utility in a variety of embodiments. Most importantly, the probes may be used in a 
variety of assays for detectmg the presence of complementary sequences in a given sample. 

In cenain embodiments, ii is advantageous to use oligonucleotide primers The sequence 
of such primers is designed using a poiynucleotide of the present invention for use in detectmg, 
amplifymg or mutating a defined segment of a sentrin protein gene from Medicago using PCR™ 
technology. Segments of related sentrin protein genes from other species may also be amplified 
by PGR™ using such primers. 

To provide certain of the adv^itages in accordance wth the present invention, a 
preferred nucleic acid sequence employed for hybridizaJon sradies or assa>s includes sequences 
that are complementary to at hast a 14 to 30 or so long nucleotide stretch of a sentrin protein- 
encoding sequence, such as that showTi in SEQ ID NO: I. A size of at least 14 nucleotides in 
length heips to ensure that die fragment vWll be of sufficient length to form, a duplex molecule 
that is both stable and selective. Molecules having complementary sequences over stretches 
greater man 14 bases in length are generally preferred, though, in order to increase s^iSbility and 
selectivity of the hybrid, and thereby improve the quality and degree of specific hybrid 
molecules obtained. One v/ili generally prefer to design nucleic acid molecules having gene- 
complementary stretches of 14 to 20 nucleotides, or even longer where desired. Such fragments 
may be readily prepared by, for example, directly synthesizing the fragment by chemical means, 
by application of nucleic acid reproduction technology, such as the PGR™ technology of U. S, 
Patents 4,683,195, and 4,683,202, herein incorporated by reference, or by excising selected 
DNA fragments from recombinant plasmids containing appropriate inserts and suitable 
restriction sites. 

4.2 Recombinant Vectors 

The present invention contemplates an expression vector comprising a polynucleotide of 
the present invention. T};us, in one embodiment aji «*xpression vector is an isolated and purified 
DNA molecule comprising a promoter operatively linked to arj coding region that encodes a 
polypeptide of ihe present invention, which coding region is operatively linked to a 
tianscription-terminating region, whereby the promoter drives the transcription of the coding 
region. 

As used herein, the term "operatively linked" means that a promoter is connected to an 
coding region in such a way that the transcription of that coding region is conu-olled and 
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regulated by that promoter. Means for operatively linlcing a promoter to ? coding region are 
well kno^ATi in The art. 

In a preferred embodiment, the recombinant expression of DNAs encoding the sentrin 
proteins of the present invention is preferable in a eukaryotic host cell. Preferred host cells 

5 include mammalian, particv.larh human, host cells. Promoters that function in such cells are 
wel.l -known in the 



4.3 Promoters 

As discussed, the expression of DNA encoding sentrin in a selected cell can be placed 
10 under the control of the naturally occurring homologous promoter, or a variety of heterologo^is 

pioinoters. A munber of promoters active in various cells have been described in the literature. 

Tiiese include, for example, CMV or other tissue specific promoters. Prorr?oters useful in DNA 

constnjcts applicable to the methods of the present invention may be selected based upon their 

ability to confer specific expression of a coding sequence for example to the presence of TNFR 
15 or Fas/APO-I. Promoters mc.y also be selected based upon their ability to confer specific 

expressiori io tissues vvhere >rntvin protein if. most effective, such a? in neural ceils. 

In L3f y f:ve)it, thr panicular p'oniot?r selected to drive the expression cf sertrin should be 

capable of promoting expression of sufficient sentrin protein to inJubit or decrease cell death, 

particulaily a.s induced by TNF or Fas/Apo-l. 

20 

4 4 . Expression Vectors 

Mf^ans for preparing expression vectors are well Vaiown in the an. Expression 

(transforrna'iion vectors) used for transformation and methods of making those vectors are 

described in U. S. Patent Nos. 4,971 908, 4,940,835, 4,769,061 and 4,757,01 \, the disclosures of 
25 which a.re incorporated herein by refeicrice. Those vectors c?ji be. modified to include a coding 

sequence in accordance with the present invention. 

A ^'anety of methois iias been developed to opcratively link DNA to vectors via 

complementa:7 .^ohesive termini blun^ eiids. Fo** instance, complementary homopolymer 

tracts can be added to the DNA segment to be insen?d and to the vector DNA. The vector and 
30 DNA segment are then joined by b.ydvogen bondinc between the complementar\' 

homopolymeric tails to form recombinant DNA molecules. 
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A coding region that encodes a polypeptide having the ability to confer anti-apoptoic 
activity in a cell is preferably a sentrin protein-encoding gene. In preferred embodiments, such a 
polypeptide has the amino acid residue sequence of SEQ ID N0;2, or a functional equivalent of 
this sequences. 

The choice of which expression vector and ultimately to which promoter a polypeptide 
coding region is operatively linked depends directly on the functional properties desired, e g., 
the location and timing of protein expression, and the host cell to be transformed. These are 
well known limitations inherent in the art of constructing recombinant DNA molecules. 
However, a vector useful in practicing the present invention is capable of directing the 
expression of the polypeptide ceding region to which it is opcraiively linked. 

Sentrin DNA coding sequences may comprise the entire nucleoside sequence shown in 
SEQ ID NOT or any portion thereof that may have functional equivalence, such as truncated 
versions. Alternatively, it may be desirable to express epitopic regions of the polypeptides in 
order to use these peptides to raise antibodies against the polypeptides 

Typically, DNA sequences located a few hundred base pairs downstream of the 
polyadenylation site serve to tenninate transcription. The DNA sequences are referred to herein 
aii transcription-termination regions. The regions arc required for efficient polyadenylation of 
transcribed messenger R1>IA (mRNA) and are known as 3' non-translated regions. RNA 
polymerase transcribes a coding DNA sequence through a site where polyadenylation occurs. 

Translational enhancers may also be incorporated as part of the vector DNA. Thus the 
DNA constructs of the present invention should also preferably contain one or more 5' non- 
translated leader sequences which may serve to enhance expression of the gene products, from 
the resulting mRNA transcripts. Such sequences may be derived from the promoter selected to 
express the gene or can be specifically modified to increase translation of the mRNA. Such 
regions may also be obtained from viral RNAs, from suitable eukaryotic genes, or from a 
synthetic gene sequence (Griffiths, et al, 1993). 

Such "enhancer" sequences may be desirable lo increase or alter the translational 
efficiency of the resultant mRNA. The present invention is not limited to constructs where the 
enhancer is derived from the native 5' non-translated promoter sequence, but may also include 
non-translaxed leader sequences derived from other non-related promoters such as other 
enhancer transcriptional activators or genes. 
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4.5 DN A Constructs fou Em-hcssion or Sentpjn 

/as noted above, the presen invention provides DNA constructs or expression vectors 

that facilitate C'le expression of the DNA sequer.ces diccusseci herein in eiikaryotes and 

paniculaiiy niainrnalian ce'ls As used herein, the terms "vector construct" or "expression 
5 vector'' refer to asiernbhcs of DNA fragments operatively linked in a fiinctional manner that 

direct the expression of the DNA sequences discussed herein, as well as any additional 

sequence(s) or gene(s) of interest 

The expression of a stmctura! coding sequence (gene, cDNA. synthetic DNA, or other 

DNA) which exists in double-stranded DNA form involves transcription of messenger RNA 
10 (mRi\A) from one strand of the DNA by RNA polymerase enzyme and subsequent processing 

of the mRNA primary iranscnpt inside the nucleus. Tliis processing involves a 3' non-translated 

regiofx v/hich adds polyadenylate nucleotides to the 3' end of the mRNA. 

Transcription of DNA into mRJ^A is re^^ulated by a region of DNA referred to as the 

"promoter." The promoter region contains a sequence of bases that signals RNA polymerase to 
15 associate with the DNA and initiate transcnption of mRNA using one of the DNA strands as a 

template to mal<e a coiresponding strand of RNA. 

Vectors useful in the present im^ention therefore include promoter elements operably 

linked to coding sequences of interest, and can a?so include 5' non-translated leader sequences, 

3' non-translated regions, and one or mere selectable markers. A variety of such markers are 
20 well known in the art. 



4.6 BlOLOGICALLY-FUNCTIONALLY EQUIVALENT NUCLEOTIDE SEQUENCES 

The present invention incijces not only the (;DNA sequence shovTi in SEQ ID NO:i, but 
also biologically xiinctiona! equivalent nucleotide sequerces The phrase "biologically 
25 functional equivalent nucleotide sequences" dcriOtC': DNAs and R.NA5, including genomic 
DNA. plasrnid DNA, cDNA, synthetic DNA, aivi mRNA nucleotide sequences, that encode 
peptides, polypeptides, and proteins exhibiting the san-.e or similar activity as that of sentrin, 
when introduced into host ceils in a functionally operable manner so that when expressed, 
they produce peptides, polypeptides, or proteins exhibiting activity at a level sufficient to inhibit 
30 cell death- 
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— «,.iva,=n, „u.Uo..e sequences ofhe pr«=„. ^ 
tjioiogii-a jr ^i,„npes within the fiondamental sentnn 

„„e,e..id= sequences encoding cons.„a.ive ammo aod 

. . nN A SEQUENCES WITH BASE SUBSTITUTIONS, ADDITIONS, OR DELETIONS 

4.8 DN A SEQUENCES wi ..„3ervutive ainino acid changes within the 

In addition to nucleotide sequences enccdu.g .onserv. 

hif.looica''y functional equivalent nucieotiae 
fundanienui sentrin polypeptide sequence, biolo^i..-./ 

^ the n-e^»nt invention include nucleotide sequences contain.,g other 
sequences o. tne p.e..nt a ^^^^^^^^^^^^^ .^^^.^^^ 

substitutions, additions, or deletions. These n..Uc , ^^^^^ 

.enetic information as that contained in the nucleic acid segment o D NO. 

- ^:::::rto::^^^^^^^ - 

p • ^nr - nucleotide sequences can be reterrca lu b 

Suc„.,ud=c ' ^ ^^,^y,„,i„e<, by *e methods d=.,cr:bedh«..n. 

oflf.ccDNAshou„,njEQIDNO.j,^d r,MA svnthetic DMA, or other 

Mu,a„o„s nrade in .he cDNA, plasmid DNA, genonue DNA, '>'"*et.e^, ' 

I- nrf^ervf the reading ftame of the coding sequence, 
naclcc acd encoding ^nmn prefcab.i preserve .he 

H^rtherntore. ...s. notations p,efera.ly do not J^^ ^„ „„„„ 

Hvbrid... .0 produce secondary mP.NA suuctures, such a, .oops or haupu-., 

"^^n:::hCti:::::-epredeter^^^^^^ 

.utatio : . . Pr^etemtined. Pot e^antp. in order to seiect .or opti.™ — 

f V a aiven site random mu^"^s can be conducted at the target codon, 

„fmutant»a,a8wens,te. 1^^. ,y„,h=s,z,n6 

Alternatively, mutations can be innoduced at p ^.linit liitnion to 

o,„.o„„clcc„de= containing a ntutant s^uence, flaniced by restHcon s.tes ^^^^ 
„«r.,te nativesentrincOHA sequence. «,isa.io„.the^^^^^^^^^^ 

^««vt,tivp form of sentnn having the desirea ai.m 
nucleotide sequence encodes a denvauve form 

, , In either case the expressed mutants can be screenea tor 

hisertion. substitution, or deletion. In either case, P 

, ^""::::e.n.p,eso.use.lgenet,ca,,yequ.a.ent.odi„ed.^^^ 

i..tiHp^eQuence which exhibits a high level of homoiog>, 
ID NO: I include DNAs having a nucleotide sequence wm ^ , ^ .neater 

t. r^xTA ^f<;FniDN01 This can range from about 70 /o or greater 
/c sequence identity, to the cDNA of SEQ ID NO. 1. in 
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sequence identity, more preferably froiii about 80% or greater sequence identity, and most 
preferably from about 90% or greater sequence identity, to the cDNA or corresponding '.noiety 
therecfofSEQIDNO:!. 

Such genetically equivalent modified forms can be readily isolated using conventional 
DNA-DinA or DNA-RNA hybridization techniques (Sambrook et al., 1989) or by amplification 
using Polymerase Chain Reaction (PCR'^^ methods. These forms should possess the ability to 
ccrifer resistance tc fxingal pathogens when introduced by conventional trsnsformation 
techniques into cells normally sensitive to such pathogens. 

4.9 Nucleotide Sequences Encoding Fragments and Vaiuants of Sentrin 

The fragments and variants of <entrin discussed may be encoded by cDNA, plasmid 
DNA, genomic DNA, synthetic DNA, or inRNA. These nucleic acids should possess about 
70% or greater sequence similarity, preferably about 80% or greater sequence similantv, and 
most preferably about 90% or greater sequence similarity, to corresponding regions or moieties 
of the cDMA having the nucleotide sequence shov>Ti in SEQ ID NO:l encodirig sentrin. or the 
riiR>JA ccrrespoiiding xharelo. 

In ii:ie present invention, nucleic acids biologically fiinctional equivalent to the cDNAs of 
sentrin having the nucleotide sequence shown in SEQ ID NO:l include* 

(a) DNAs having a length which has been altered either by natural or artificial 
mutations such as partial nucleotide deletion. Insertion, addition, or the like, so 
that when the entire length of SEQ ID NO:l is taken as 100%, the biologically 
functional equivalent sequence has an approximate length of 60-120% of that of 
SEQ ID NO: 1, preferably 80-1 10% thereof; or 

(b) nucleotide sequences conrainmg paiiial (usua'l)' 20% or less, preferably i0% or 
less, more preferably 5Vo or less of the entire length) natural or artificial 
mutations so that such sequences code for different amino acids, but whereirt the 
resulting polypeptide retains the activity of sentrin. The mutated DNAs created 
m this manner usually encode a po'yp? -r^ide h vvir.g 70% or greater, preferably 
80% or greater, and more preferably 90^/o or gre3tei, sequence identity to the 
amino acid sequence of sentrin encoded by the nuc'eolidc sequeuce of SEQ ID 
NOT. 
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,u «.,r,nlnved to create artificial mutations are not 
in the present invention, the methods employed to 
3pec.cany lild, and such mutations can he produced hy any of the means convention 
r fL example, the cDNA or gene of sentrin may he treated with appropriate restnCo 
;l so as to msert or delete approp^ate DNA .agntents so that the proper amtno 
:::::;arneispreserved.Su„torest.^^^^^ 
can be treated to fill in ar.y overhangs, and the DNA religated. 

can be treat ^^^.^^j^^^j^^^g ohgonucleotides 

Mutations can also be mtroauceu ai ^ ^ » f 

. „...nce flanked bv restriction sites enabling ligation to fragments of the 

anicula, codons aUered according to *c sub.«on, deU.ion, o, i„se— . 

Exemplar, method, of makin. .he a,.era.ions described above are d,sc,osed by A .uW 

= , nmsv Craik(1985); Sambrook««/. (1989); and Osuna « (1954,. 

ptal (1995); Bauer ^/ii/. (198^),<-ralKU^c•■?^ 

;l^ca„ tarcuona, e,u.a,en. lo *c cDNA sequence disclosed herein produced b, an> 
r icJods can be selected fo. b, assav.n, -he peptide, po.peP«dc, or protetn encoded 
thereby using the techniques described herein. 

4,0 DNASENCOD,.GPO.V,EPT.PEsTHATRe.CTW,THSENTR..MA.S 

Biologically hmctional equivalent for^s of the cDNA encoding sentnn tnclude 
nucleotide sequences that encode peptides, polypeptides, and proteins that react »,th ..e^ 

ally L to, antibod.es raised against sentHn, and that e.ibit the sa.e or s.n.,lar 
alivi-y as.his polypeptide, such an-il^diescanbepolyclona, or n.onoclonalan..bod.es. 

Due to the degeneracy of the genetic cooe, i.e., 
... of the a^ino acids na.urally occurring in proteins, other DNA (and RNA) sequences 
::^„ .ssentiallv the same .enetic .nfom,a.ion as .he cDNA of the present » 
. .„co.e substarfa,, the sante annuo acid sequence as that encoded by the nucleot. e 

:;ie of SEQ ID NO., can be used ,n practicng the present invent.on Thts pnncple 
applies as well .0 any of the other nucleotide sequences discussed hereto. 
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4.12 DNAs Designed for Enhanced Expression in Particllar Host Cells 

Biologically functional equivalent forms of the cDNA of the present invention also 
include synthetic DNA.s designed for enhanced expression in particular host cells Host cells 
often display a preferred pattern of ccdon usage (Murray et ai. 1989). Synthetic DNAs 
designed to enhance expression in a particular host should therefore reflect the pattern of codon 
usage in the host cell. 

In the present invention, sequence sirnilaiity or identity can oe detennined using the 
"BestFit" or "Gap" programs cf the Sequence Analysis Software Package, Genetics Computer 
Group, Inc ., University^ of Wisconsin Biotechnology Center, Madison, V/I 5371 i. 

4. 13 Nucleotide Sequences Encoding Fused Forms of Sentrin 

Other biologically functional equivalent forms of the cDNA of SEQ ID N0:1 useful in 
the present invention include those which have been modified lo encode conjugates with ether 
pcptidcN. polypeptides, or proteins, thereby encoding fusion products therewith. 

4.14 Detection of Sentkin-like Nucleic Acids by Hybridization 

Although one embodiment of a nucleotide sequence encoding sentrin is shovm in SEQ 
ID N0:1. it should be understood that the present invention also includes nucleotide sequences 
that hybridize to the sequence of SEQ ID N0:1 and its complementary sequence, and that code 
on expression for peptides, polypeptides, or proteins having the same or similar activity as that 
cf sentrin. Such nucleotide sequences preferably hybridize to SEQ ID NO:l or its 
complementary sequence under conditions of moderate to high stringency (see Sambrook ct ai, 
1989). Exemplary conditions include initial hybridization in 6X SSC, 5X Denhardt's solution, 
!00 mu ml fish sperm DNA, 0.1% SDS, at SS^'C for sufficient time to permit hybridization (e.g.^ 
several h to overnight), followed by washing two times for 15 min each in 2X SSC, 0.1% SDS, 
at room temperature, and two times for 15 min each in 0.5- iX SSC, 0.1% SDS, at 55°C, 
followed by autoradiography. Typically, the nucleic acid molecule is capable of hybridizing 
when the hybridization mixture is washed at least one time in O.IX SSC at SS'^C, preferably at 
60°C. and more preferably at 65°C. 

The present invention also encompasses nucleotide sequences that hybridize to the 
cDNA of SEQ ID NO:l under salt and temperature conditions equivalent to those described 
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above, and that code on expression for a peptide, polypeptide, or protein that has the same or 
similar activity as that of sentrin disclosed lierein. 

Tlie nucleotide sequences described above are considered to possess a biological 
function substantially equivalent to that of the cDNA of SEQ ID NO:l encoding sentrin if they 
encode peptides, polypeptides, or proteins having an effect differing from that of sentrin by 
about ±25% or less. 

4.15 POLYPEFTSDES REACTIVE WiTH ANTIBODIES RAISED AGAINST SENTRIN 

Biologically functional equivalent forms of sentrin also include peptides, polypeptides, 
and proteins that react with, /.e., specifically bind to, antibodies raised against sentrin, and that 
exhibit the same or similar activity as this polypeptide. Such antibodies can be polyclonal or 
monoclonal antibodies. 

4.16 CHARACI ERISTICS OF SeNTIUN 

The present invention provides novel polypeptides that define a whole or a portion of a 
sentrin protein. Sentrin shares 74% homology with Smt3 from yeast, The amino acid sequence 
is shown in SEQ ID NO:2. Kyte-Doolittle hydropathy plot analysis showed thai sentrin is 
composed of three hydrophilic domains. The absence of a hydrophobic leader sequence 
suggests that sentrin is probably a cytosolic or nuclear protein. Blast search revealed that sentrin 
is 18% identical and 48% similar to human ubiquitin. Sentrin has the same degree of identity 
and similarity to NeddS, which was identified using a substraction cloning approach where 
Nedd2 (an ICE-like protein) was isolated. In addition, sentrin has weak homology to BAG-1, 
which contains a shon ubiquitin-like domain, binds to Bcl-2, and has an anti-death activity. 

Sentrin is 50% identical and 74% similar to Smt3 from yeast S. cerevisiae (Genbank 
accession number U27233). Smt3 has the ability to suppress the conditional lethal mi/2 
mutation which under non-permissive temperatures shows increased mitotic chromosomal 
instability, sensitivity to anti-microbial drugs, and formation of aberrant spindles that break in 
half during anaphase. Yeast cells lacking MifZ arrest in early mitosis of the cell cycle. The high 
degree of homology between sentrin and Smt3 suggests that these two proteins may have 
conserved function. 
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4.17 DNA Deliv ery Into Host Cells 

Technology for introduction cf DNA into cells is vvcll-knowT! to those of skill in the art. 
Four general incthod:; for (Jeli'.enng a gene into cells have been described: (1) chemical 
methods (Grahai";] and var cler Eb, 1973; Zatloukal etal. 1992); (2) physical methods such as 
microinjection (Capecchi, 1980), electroporation (Wong and Neiimann, 1982; Fromm etal, 
i985; U. S. Patent N >. ?3"4,253) and the gene gun (Johnston and Tang, 1994; Fynan et ai, 
i993), (3) vifai vectors (Clapp, 1993; Lu et ai. 1993; Eglitis and Anderson, 1988a; 1988b): and 
(4) recepior-roediated mechanisms (Curiel et al, 1991 : 1992; Wagner et al, 1992). 

4.17.1 ElECTROFORATION 

The appHcation of brie^f, high-vcltage electric pulses to a variety' of animal cells leads to 
the formation of nanometer-sized pori-s in the plasma membrane. DNA is taken directly into the 
cell cytoplasm either through these pores or as a consequence of the redistribution of membrane 
components that accoTipanies closure of the pores. Electroporation can bv? extremely efficient 
^in-.i can he used both for vansieni expression of clones genes and for establisbinent of cell lines 
that cairy itejiralcd iropie-. vf the g^-ne of interest Electroporation, in cortreust to calcium 
phosphaie-mediated transfeclion and protoplast fijsion, frequently gives rise to cell lines that 
carry one. oi at most a few, integrated copies of the foreign DNA. 

TiiC introduciiork of DNA by means of electroporation, is well-known to those of skill in 
the art. In t!iis method, certain cell wall-degrading efizymes, such as pectin-degrading enzymes, 
are employed to render the target recipier-.t cells more susceptible to transformation by 
electroporation than untreated cells. Alternatively, recipient cells are made more susceptible to 
tiansfonnation. by mechanical wounding. To effect transformation by electroporation one may 
employ cither friable tissues such as a su^pensio' culmre of cells, or ernbryogenic callus, or 
altemativtrly, o:«- mav irajisfcrm iinmaiure embryos or other organized tis.su^s directly. One 
would parti-r Uy degrade the cell walls of the chosen cells by exposing thcrn to pectin-degrading 
enzymes (peciolyasesj or mechanically wounding in a controlled manner. Such cells would then 
be recipient to DNA transfer bv electroporation, which may be carried out at this stage, and 
transfonned cells then identified by l suitable sele^^tion or screening protocol dependent on the 
nature of the newiy incorporated DNA.. 
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4.17.2 MiCROPROJECTILE BOMBARDMENT 

A further advantageous method for delivering transforming DNA segments to cells is 
microprojectile bombardment. In this m.ethod, particles may be coated with nucleic acids and 
delivered into cells by a propelling force. Exemplary particles include those comprised of 
tungsten, goid, platinum, and the like. 

For the bombardment, cells in suspension are preferably concentrated on filters or solid 
culture medium. Altematively, immarure embi70s or other target cells may be arranged on solid 
culture medium. The cells to be bombarded are positioned at mi appropriate distance below the 
macroprojectile stopping plate. If desired, one or more screens are also positioned between the 
acceleration device and the cells to be bombarded. Through the use of techniques set forth here- 
in one may obtain ap to lOCO or more foci of cells transiently expressing a marker gene. The 
number of cells in a focus which express the exogenous gene product 48 h post-bombardment 
often range from 1 to 10 and average 1 to 3. 

In bombardment transformation, one may optimize the prebombardment culturing 
conditions axid the bombardment parameters to yield the maximum numbers of stable 
triinsfomutnts. Both the physical and biological parameters for bombardment are important in 
this technology. Physical factors are those that involve manipulating the DNA/microprojectile 
precipitate or those that affect the flight and velocity of either the macro- or microprojectiles. 
Biological factors include all steps involved in manipulation of cells before and immediately 
after bombardment, the osmotic adjustment of teu^get cells to help alleviate the trauma associated 
with bombardment, and also the nature of the transforming DNA, such as linearized DNA or 
intact supercoiled plasmids. 

Accordingly, it is contemplated that one may wish to adjust various of the bombardment 
parameters in small scale studies to fully optimize the conditions. One may particularly wish to 
adjust physical parameters such as gap distance, flight distance, tissue distance, and heliimi 
pressure. One may also minimize the trauma reduction factors (TRFs) by modifying conditions 
which influence the physiological state of the recipient cells and w^hich may therefore influence 
transformation and integration efficiencies For example, the osmotic state, tissue hydration and 
the subculture stage or cell cycle of the recipient cells may be adjusted for optimum 
transformation. The execution of other routine adjustments will be knov.Ti to those of skill in the 
art in light of the present disclosure. 
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5.0 Examples 

The following examples are included to demonstrate preferred embodiments of the 
invention. It shouJd be appreciated by those of skill in the art that the tecnniques disclosed m 
the examples which follow represent techniques discovered by the inventor to function well in 
5 the practice cf the invention, dnd thus can be considered to constitine preferred modes for its 
practice. Hovv^ever, those of skill in the an should, in light of the present disclosure, appreciate 
that many changes Ccm be made in the specific embodiments which are disclosed and still obtain 
a like or similar result without departing from the spirit 3i\d scope of the inver'«ion. 

1 0 5.1 Example 1 — Isolation and Characterization of Sentrin-1 
5.1.1 Materials and Methods 

Yeast strains and shuttle vectors pGBT9 (GAL4 DNA-binding domain) and pGAD424 
(GAL4 activation domain) were purchased from Clcntech, CA. 

Deletion mutants or full-length clones were produced by polymerase chain reaction with 
15 appropriate primer sets, '■estriction digested, and ligated to the appropriate vectors. Point mutant 
was made by oligonuclentide-directed mutagenesis. All constructs were confirmed by DNA 
secuenc'ng. 

3JAB (obtained from Dr. Free V^^ang, Harvard Medical School) and L929 (purchased 
from Americar. Type Culture CoIlect-cn, Rockville, MD) cell lines were cultured in RPMI 
20 medium and haiA^ested at log phase. The plasmids for transfection included pSV- 
P-galactosid?^e (Promega, Madison, \VI), pcDNA3-Sentrin, pcDNA3-crm.4, and pcDNA3 
empty vector (Invitrogen, San Diego, CA). 

5.1.1.1 Two»Hybrjd Screen and Two-Hybrid P-Galaoosidase Assay 

25 pGRT9'-Fas (191-319Ay\) wa^ transformed into HF7c using the lithiiLTi acetate method. 

HF7c cells were incubated in 300 ml of YPD medium at 30''C until OD^oo^O.Z. The cells were 
centrifuged at 1,000 x g for 5 mm at room temperature. The harvested ceils v/ere suspended in 
1 .5 mi of TE/LiAc solution (10 mM Tris-KCU 1 mM EDTA and 0.1 M lithium acetate). 0.1 ^g 
of pGBT9-Fas (19I-319A.A) v/as added to die cell su:ipension together with 100 ^g of salmon 

30 spvrm DNA and 0.6 ml of PEG/LiAc solution (10 mM Tiis-HCl, 1 mM EDTA, 0.1 M lithium 
acittate. and 40% PEG4000). 
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After .„cuba,io„ a. 30=C for 30 n,.n, 700 .1 of DMSO was added in .he so,a„o„ Ate 
.hocU a. 4rc for >5 .in, .he ce,U we,e harves.ed and resuspended . 0. of TE hu^r. 
^e .-ansformed ce,.s .ere plared on Trp" syn,he.ic .ediun, and incuha.ed for 4 days a, 30 
T.e .ransfcnned HF7c pGBTS-Fa. .C was .u,W in W s,nU.e.,e .e^.n. 
.e,ne„..a,, ....sfor^ed wi.h 500 of U,e p,a.n,a cDNA (Matchmaker, Conrech, CA v-n,ch 
Jed .0 GAL4 DNA.ac.iva,i... do„,a.n vec», pOADlO. TT>e coWom,ed cells were 
inenbaicd for 5 days a. 30-C or. U,. a.. Ki. s.n.he,ic n,edinn. pla,es^ pos,«e 

colonies were piCcd and ^ c, ^> ^ - ^ 

acuvity using f.Uer assay as descdbed by the manufacturer. 

5.1.1.2 Interaction ASSAYS 

sccordine to the protocols suggested by the 
IMcraciion assays were performed .iccoramg to y „ . 

manufacturer. BneOy. the yeast trar— were .r.,sfe.red to the paper Iters » 
.-rmiabilized in U,.,id nitrogen then placed on another Alter papers ptesoakeo , Z huff r 
Liutior. ..0 mM Na.HPO,, 40 .n>f NaH.PO. X mM KC 10 mM SO mM p- 

mercaptoethanoL and 0.33 tng/ml X-gal). The f.Uers were incuh^ed lor up to 24 hr 30 C 
T,e sL.h of .nteracon was graded based on the tinte it required for the colony to turn blue. 
T.e in.=r:cuo„ between SV40 T a^.tgen and P53 dually «n,ed blue within 30 tntn - w^ 
laed as ^. The .nteraction between t^,e death domain of Fas and sentrin (or FADD/MORT- 

. . >.c-^f The interaction which turned blue between 3-0 

1) turned blue within 3 h and was graded as -^n The interaction 

hwasgradedas.. The interaction which took more than 6 h to turn blue was graded as ./-. 



25 



30 



5.1^ ISOLATION OF SENTRIN-1 ^ „f thr^-e 

Kyte-Doolittle hydropathy plot analysis showed that sentnn-1 is con^posed of th^^e 
MrophiHc domains. The absence of a hydrophobic leader sequence suggests that sentnn-1 is 
orobabiY a cytosolic protein. 

(no 2B, Sentnn., has the same degree of identity and similarity to NeddS. which wa.s 
L:.fied us.ng a subtracuon clon.ng approach where Nedd2 (an ICE-like protein) was .solated 
(Kumar., .... .992) In addt.on. scntHn-, has a weak homology to BAO-l, which contatns a 
. • K- tn Rrl 7 and has an anti-death activity (Takayama ct ai.. 
short ubiquitin-like domain, binds to Bcl-2, and nas an <n 

1995). 
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Sentrin-1 is 50% identical and 74% similar to Smt3 from the yeast 
Saccharomyces cerevisiae (GenBank accesr»ior. niimber U2723?). Smt D has the ability to 
suppress the conditional lethal mifl mutation '^hich, under non-permissive temperature, shows 
increased rriitotlc chromosome instability, sensitivit}' to anti-microUibule drugs, and formation 
of aberrant spindles that bre^ik in half during anaphase (BrowTi et al, 1992: Meluh and 
Koshland, 1995). Yeast cells lacking MIF2 airest in early mitosis of the cell cycle (Brovvn et 
al., 1993). The homology between scmrin-1 and Smt3 suggests that ihese tvvo proteins may 
have conserved function. 

Senlrin-1 (SEQ ID NO:2) fused to the Gal4 activation-?.omain was used to interact v/ith 
a panel of Fas/APO-1 mutants fused to the DNA-hinding domain. 

As shown in FIG. lA, sentrin-1 interacted with both wild type and the A15 mutant of 
Fas/APO-1, but not with the A23 mutant. Furthermore, sentrin-l did not interact with the 
human equivalent of the Ipr*^^ mutation. V238N (Uoh and Nagata, 1993). These particular 
mutants were tested because removal of the C-terminal 15 amino acids of Fas/APO-1 has been 
shown to enhance cell death signaling, whereas removal of the C-terminal 23 amino acids or 
substitution of asoaragi.ne for valin? in the 238 position abolished eel! death signaling fitoh and 
Nagata, 1993). Since sentrin-1 only interacted with the signal-competent forms of Fas/APO l, 
this interaction was considered to be functionally relevant. 

Because of the homology befveen the death domains of Fas/APO-1 and TNFRl, the 
inventors tested whether sentrin-1 could interact with the death domain of TNFRl . As shown in 
FIG. lA, the signal -competent forms of TNFRl, namely wt and A14, but not the signal- 
incompetent form, A20, interacted with sentrin-1 (Tartaglia et al, 1 993). A14 contains the entire 
TNFRl death domain (326-41 2 A.A), which appears to be necessary and sufficient for interaction 
with sentrin-1. The strength of interaction between sentrin-l and Fai5/APO-l/Apo-l versus 
TNFRl appeared to be similar in the yeast two-hybrid system and is comparable to that between 
Fas/APO-1 and FADD/^v10RTl Sentrin-K however, did not interact with the death domains of 
CD40 and FADD.^IOR f . Thus, sentrin-1 's interaction pattern is highly specific. 

5.2 Example 2 - Isolation of \ Nucleic Acid Secjment Encoding Sentrin-1 

pcDNA3-Sentrin-l was constructed by digesting the pGAD424-610RF v/ith BamVA and 
subcloned into eukaryotic expression vector pcDNA3 at the BamWl site. Proper orientation of 
sentrin-1 insert was confirmed by DNA sequencing. pcDNA-CrmA was constructed by 
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A fr«n. nllCi 9-crmA piasmid construct, obtained 
msert.r.g an Eco^l fragment contammg crmA from a pUC.9 crm p 

nr David Pickup, into the expression vector pcDNA3. 

Zlir r PCDNA3 e.p. v=.o. Fo, BiAB ceUs, e,=c«,po,a..„ perfonr.ed a. 
pcDNA^crm^, f ^ ^ - ,® a ^er 10 min incubation at room temperature, 

->^0V and 960{iF using BioRads Gene-Pui^ei i . After 1 J mm m 

„0v ai.d:^5 ^ g „.,fRPMimed.a uansfeTed to tissue cuimre flasks contaimng 20 

cells were resuspendec m I ml of RPNU meG.„, tr^nsfected cells 

, J .■3^or pnrtv eicht h after transfeciion, the transteciea ceub 
.lofRPMImediaandincubatedat37C. Forty e.ght h ^ ^^.^^ 

were divided into five equal aiiqt.ots, transferred mto o-well plates and t eated 

F s/APO 1 (CHI 1 Panvera,V.l) at a concentration of 0.25, 2.5, 25, and 250 ng/m. for 20 h^ 
anti-Fas/APO-KCHll.i-anve , tn microftiee tubes, cenlriftiged, washed 

Tne cells were haivested from the wells, trar.sievred to micr.hige tu 

int, ccub v.. , ^ , rN'-T n Triton X-100 , 0.1 M KPO 

.nth PBS. and lyscd in 250 mi of lysis buffer (1 mM D.T, 0.2/. Tnton >^ ' 

' , . ■ ,4„„Kcate for B-galactosidase activity 

PH 7.S). 10 ml of the cell lysates were then analyzed m uupUca.e |5 g 

■ o if^,^ MA^ and a luminescence counter (Fackaia, 
0.ac.o.L;.« Plus (rrop,x. Be.«, „ 

M-riden CT) as described (Memon et al. 1S95). Pcrcem 

l c.n,:«„esc.« oC an,.o..«ea.ea ce,U .e*a...a.=o c=,U .v.e. 

b, ,„e =h™nu.ln«c=nce of med,a.«a,ed ccUs. ^^^^ 

For L929 cells, electroporation was performed at 350V ana .,ouv. 

hori-y^v ce , r r to a 6-weU plate. After incubation in 

were divided into four equal aliquors and transferred to " 
regular media for 48 h. TKF were added to achieve final concentration of 0.5 5, and 50 n^ 

. ■ f n„,h~ 20 h the non-adherent cells were gently washed away with PBS 
A^er incubation for anothCx 2U n, me non au „^^u,:tv 
ItheadherentceUswereharvestcdfrorntl. wells for r„easureinen,ofp..lac,o.^^^^^^ 

. described above. Percent s-^ival was calculated hy subtractins the 

™F.t,ea,ed cell, ftom media-t^ated cells divided h, the chentilunUnescence o, rnedia-treated 



cells. 



■ r T- /Apn 1 rie«.3l9AA) as a bait in the yeast iwo- 
Usinc- the intracellular domain of Pas/APO-1 (1 , . 3 IVA^) 

,,,, ,ee ..enals and methods,, two clones and 

p.cen,a cDNA library that interacted stron.ly and specifically with the bai ^'J^-- 
lowed ,„at ciciie 6S encoded ar. i„.frarr.e fusion of the Oal4 activation domain to 
doirain of F.J>DD,.MORT! (05, 06). 
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Clone 61, however, encoded an in-frame fusion of the Gal4 activation domain to a novel 
protem which was named scntnn-l, after sentry, because it has a guardian fancrion against cell 
death signaling. 

Konhem blot analysis showed sentnn-l is expressed in all t:si:ues, but the message level 
is higher in the heart, skeletal muscle, testis, ovary, and thymus FIG. IB. The full length 
sentrin-1 cDNA contains a 5*-unlranslated region of 135 nucleotides and encodes a novel protein 
of 101 amino acids (FIG. 2A). The ATG mitiation codon is contained within a Kozak 
consensus sequence (Kozak, 1991), which is necessary for efficient translation. 

5.3 Example 3 - Expression of Sentrin- 1 

E. coli. BL21 cells transformed with pN4ALc2-sentrin- 1 were cultured in LB v/ith 50 
jig/nil of ainpicillin at OD26o=t).5. Aher 2 h incubation from adding isopropyl-p-D- 
thlogalactopyrandoside to a fmal concentration 0.1 mM, the culture was har^/ested. washed in 
cold buiTer (20 mM Tns-HCl, 200 mM xN'aCl and 1 mM EDTA) and suspended in 10 ml of 
buffer to which 1 mM DIT , 0.1 niM PMSF were added. Following overnight storage at •lO'^C, 
the cells were disrupted by sonication. The iysate v/as centrifuged for 30 min at 1,000 g and ^he 
supernatant was incubated at A^^C for 1 hr with 500 fil of a 50% (vol. /vol.) suspension of 
amy lose resin. After centrifugation, the resin was washed four times witli 10 ml of buffer. 

Glutathione S-transferase (GSl)-Fas/APO-U Fas/APO-l(V238N), TNFRl, cr TNFRl 
A20 fusion proteins were produced with the same procedure as with M3P fusion protein except 
for the use of Glutathione sepharose beads. After binding, ftision proteins were eluted from 
Glutathione sepharose beads in a elusion bufier of 120 mfvl NaCl, 100 mM Tris-HCl (pH 8.0), 
ana 20 mM reduced Glutathione. Die eluied llision proceiiis were concentrated by Centricon-10 
(Amicon, Beverly, MA). GST-Fas/ APO-1, OS F-Fas/APO-l (V238N), GST-TNFRl, GST- 
TNFRi ALIO (500 ng, eacn;/ were incubavcd with the resin MBP-Sentnn- 1 (500 ng) in binding 
buffer (20 mM Tris-HCl (pH7.4), 100 mM KCl, 2.5 mM CaCl., 2.5 mM MgCli, 1 mM DTT 
and 0.05% NP-40^^';) for 12 iir at 4^C. 

After incubation, resins were washed five times in 1 m! of binding buffer. The bound 
proteins were separated by SDS-PaGE, fbllowea by Western bicu^ng. The blots were probed 
with goat antiserum against GST (Phai7nacia, Piscatawa>, NJ) as a primary antibody and with 
alkaline phosphatase-conjugated raooit anti-goat i;rirnunoglcbulin a.«^. a secondary antibody 
(Jackson Laboratory, ME). The bound proteins were detected using a chemilurninescent 
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detection kit (Tropix, Bedford, MA). Initial studies revealed that MBP alone could not 
precipitate the GST fusion proteins under the buffer conditions described above. 

5-4 Example 4 - In vitro Activity of Sentrin-1 

To assess whether the interaction between sentrin-1 and Fas/APO-! or TNFRl observed 
in the two-hybrid system was a direct one, an :n vitro interaction assay was carried out. 

MBP-Sentrin-1 , a fusion protein containing the maltose-binding protein and sentrin-L 
was prepared and used to precipitate a panel of Glutathione S-transferase (GST)-fusion proteins 
containing Fas/APO- 1, Fas/APO-1 (V238N), TNFRl, or TNFRl A20. GST-fiision proteins 
were incubated with resin-bound MBP-Sentrln-l in binding buffer for 12 hr at 4*=»C. After 
incubation, the resins were washed extensively and the bound proteins were separated by 
clccirophoresis on SDS-polyacrylamide gels and transferred to PVDF membrane. The blots 
ucrc probed with goat anti-GST antiserum followed by alkaline phosphatase- conjugated rabbit 
anii-goai immunoglobulin. As shown in FIG. 3, sentrin-1 interacted with GST-Fas/APO-1, but 
noi CiSl -Fas/APO- 1 (V238N); with GST-TNFRl, but not with GST-TNFRl A20. Thus, the in 
vurn interaction results are consistent with those observed in the yeast two-hybrid system. 

5.5 Example 5 - Sentrin-1 Protects Against Apoptosis 

Aher establishing the association of sentrin-1 and the death domains of Fas/APO-1 and 
TNFRl, ihc mventors proceeded to study the functional significance of this interaction in a cell- 
death protection assay. This assay employed the use of a cotransfected plasmid with p- 
gaiactosidase as a reporter gene. BJAB, a B lymphoma cell line which expresses a high level of 
Fas/APO-1 and readily undergoes apoptosis following overexpression of FADD /MORTl or 
addition of ant i -Fas/APO-1 antibody, was used in this transient cell death assay (Chinnaiyan et 
al.. 1995; Tewari and Dixit, 1995). CrmA, a viral serpin inhibitor that has been shovm to block 
apoptosis mediated by anti-Fas/APO-1 antibody, by FADD/MORTl overexpression, or by TNF 
treatment (Tewari and Dixit, 1995; Enari et aL, 1995), was used as a positive control. Empty 
vector was used as a negative control. 

BJAB cells were transiently transfected with either the empty vector, with a sentrin-I 
expression construct, or with a CrmA expression construct in the presence of an equimolar 
amount of the pSV-fi-galactosidase reporter plasmid. Forty eight h after transfection, BJAB 
cells were treated with anti-Fas/APO-1 and cell survival was assessed twenty h later. Viable 
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iransfecied cells were determined by a sensitive chemiluminescent assay (Memon e/ ai, 1995). 
Consistent with previous reports in stably traiisfected systems (Tewari and Dixit, 1995; Enan e( 
al., 1995), transient transfeciion with the CrmA expression vector significantly suppressed anti- 
Fas/APO- 1 -induced apopvosis (FIG. 4A). Sentrin-l expression provided a similar degree of 
5 protection against aiiti-ras//i?0-l induced cell death compared to CrmA (]'J=6). 

The protective effect of sentrin-1 against TNF- induced ceil death was also investigated. 
L929, a murine ceil line highly sensidve to TTJF, was used in tbiis protection assay. 48 h after 
electroporation with different plasmids, L929 cells were treated with different concentrations of 
murine TNF. 18 h later, the non-adherent cells were washed off and the adherent cells were 
10 isolated for determination of P-galactosidase activity. As showTi, CrmA is protective against 
TNF-induced cell death (FIG. 4B). Sentrin-1 is also protective compared to vector alone {n=5). 
The protective effect of himian sentrin-1 is less efficient in L929, a murine ceil line, compared to 
BJAB, a hiunan B cell line. Taken together, the data show that sentrin-1 protects against both 
anti-Fas/APO-1 and TMF-mediated cell death. 

15 

5.6 Example 6 - Preferential Modification of Nuclear Proi eins 
BY Sentrin-1 

TTiis example illustrates that sentrin-I is a mammalian ubiquitin-like protein that can be 
conjugated to other proteins in a process analogous to ubiquitination. The C-terminus of 
20 sentrin-1 is efficiently processed which aiiows for subsequent protein conjugation. Furthermore, 
limited num.bers of nuclear proteins are modified by sentrin-1 which is clearly distinct ft-om 
ubiquitination. Remarkably, the presence of a sentrin-1 modified p90 appears to be a 
prerequisite for sentrin -1 modification of nuciear proteins to occur. 

25 5.6.1 Materials and Methods 

5.6.1,1 Cell Lines and Culture Conditions 

Raji, Jurkat. HL60. SW837, and SK-N-SH were purchased from Amencan Type Culture 
Collection (Rockville, MD). BJAB and COS-M6 cells were obtained from Drs. Fred Wang and 
Dr. Steve Goldring of Hai-^i/ard Medical School. Cells were seeded in RPMI 1640 medium or D- 
30 MEM supplemented with 10 % FCS and antibiotics. 
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5.6.1.2 Antibodies 

12CA5 (Boehringer Mannheim, Indianapolis, IN) and 16B12 (BAbCo, Richmond, CA) 
are mouse monoclonal antibody (mAb) to the peptide sequence YPYDVPDYA (SEQ ID 
NO: 11) of influenza hemagglutinin (HA). The rabbit polyclonal anti-Sentrin- 1 antiserjm was 
generated by immunization with a peptide corresponding to amino acids 1-21 at the ajnino 
terminus of sentrin-1. The antiserum was incubated overnight with beads coated wdth MBP or 
MBP-Sentrin-1 (Okura et al. 1996). The pre-absorbed supernatant was used for Western 
blotting as described below. 

5.6.1.3 WrsTEUN Blotting 

3 |il of total cell lysate (equivalent to 1 x lO"* cells) was loaded on each lane of 10% or 
1 2% polyacr/larnide gel, elcctrophoresed, and transferred to a PVDF membrane, Immobilon P 
(Millipore, Bedford, MA). Western blotting was performed using ECL detection system 
(.Amersham, Arlington Heights, IL) protocol. Horseradish peroxidase (HRP) -conjugated 
antibodies agamst mouse IgG or rabbit IgG (Santa Cruz Biotechnology, Santa Cruz, CA) were 
used as secondary/ antibodies. 

5.6.1.4 Plasmid Construction and Transfectfon 

To express HA-tagged proteins in COS-M6 cells, two vectors for amino terminal 
tagging (pcDNAv3/HA-N) and carboxy terminal tagging (pcDNA3/HA-C) were constructed. HA 
adapter-duplexes were inserted into pcDNA3 (Invitrogen, San Diego, CA)- for vector 
construction. cDNAs of sentrin-1 mutants were generated by PCR''''^ using appropriate primers 
followed by ligation with the vector, pcDNASz-^A.-N or pcDNA3/HA-C. The insert sequences 
were confirmed by direct DNA sequencing. C0S-M6 cells were transfected with 
LipofectAMINE (GIBCO-BRL, Gaithersburg, MD) using the manufacturer's recommendation. 
Transfected cells were harvested for Western blotting or immimostaining 16 h after transfection. 

5.6.1.5 Immunostaining 

Immunocytochemical staining was performed by the cividin-biotin-HRP complex (ABC- 
HRP) method using the VECTASTAIN ABC kit system (Vector, Burlingam.e, CA) as 
previously described (Kamitani et aL, 1991). Transfected COS-M6 cells grown on a cover slip 
were fixed in 3.7% paraformaldehyde solution for 20 min, and permeabilized in 0.1 % Triton X- 
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100* for 10 min at room lemperanire. A^fter washing, fixed cells were incubated with anti-HA 
cintibody (16B12), followed b> the incubation with biotinylated anti-mouse IgG and with ABC 
reagent (avidin- biotin- HRP complex). Th«: final enzymatic disclosing procedure was performed 
as reponed previously (Kan-iitani uL, 1991). 

5 

5.6.1.6 SUECEUA LAR FRA<rrrONATION 

Transfected C0S-M6 cells were subfractionated as follows. To prepare SI 00 and PI 00, 
3x10' cells were washed with PBS, resuspended in 2 ml of hypotonic lysis buffer (5 mM Tris- 
HC) (pl^ 7.4), 2.5 mM KCl., 5 mM MgCU 1 mM DTT, 1 mM PMSF, 1 pg/ml leupeptin, 

10 10 ^g/nil ap-otinin, 1.5 .uM pepr.tatin), and incubated on ice for 15 min to swell the cells. Cell 
su5,per>sion was homogenized by using a dounce homogenizer, followed by nnicroscopic 
evaluation. The honiogenate vvas centrifiiged at 1,000 xg for 3 min to remove nucleus and 
undi erupted cells. Supernatant was centrifijged at 100,000 xg for 1 h. The pellet was 
vjlubilizcd with 200 ^il of 2% SDS treating solution and used as the PlOO fraction. The 

15 ' L-p.rraiani was concentrated with CerAncon-] 0 (Araicon. Beverly, MA) up to 100 |.il of the 
\ohin\c. mi\c:d with 100 |il of 4% SDS treating solution, and used as SiOO fraction. For the 
preparation of nuclear fraction, 3 x 10^ cells wfrre vv^ished with PBS, resuspended in 2 mi of 
hypoion:^: iysis buffer, and incubated on ic^ for 15 min, followed by the dounce 
homouL'ni.:aiion. The hon\ogenate was overlaid on 5 ml of lys^s buffer containing 0.5 M sucrose, 

20 and ccntntuged at 3,000 x g for 10 min. The pellet was solubiHzed vdth 200 ^1 of 2 % SDS 
treating solution and used as nuclear fraction. 

5.6.2 PvESULFS 

5.6.2.1 Detection OF Sentrin I Monoiv^er and High Molecular Weight Bands 

25 In the ubiqnian domain, sentrin- 1 is 18% identical civA 48% sirnilaj to ubiquitin. In 

contrast lo ubiquidn, sentrin- 1 contains extra 2i araino acids at the N-terrrnnus and 4 irore 
miino ac:ds at the C-termmus. In order to study the expression of sentrin- 1 in cells, polyclonal 
antiserum -gainst the N-terminal 21 amino acids was generate:! ;nid put to use in a Western blot 
analysis The antiserum was pre-absorbed with either m'?.it'^^se-binding protein (MBP) or 

30 MBF-Senirin-l to demonstrate specificity of the iinmunoreacuvity to sentrin-l. As shown in 
FIG. 5. an 18 kJDa band specific for senam-l was cbserv'fd in SK-N-SH. a neuroblastoma cell 
line. This 18 hJDa band most likely represents the sentnn-l monomer. However, the 18 kDa 
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barid could not be clearly detected in other cell lines. This could be due to rapid turnover of the 
sentrin-1 monomer or rapid conjugation of sentrin-1 to other proteins (see below). In addition to 
the 18 kDa band, a prominent 90 kE»a band (p90) and a series of high molecular weight bands 
were observed in all cell lines. This was not unexpected because sentrin-1 possessed the 
invariant Gly-Gly residues near the C-terminus which would allow it to be conjugated to other 
proteins in a process analogous to ubiquitination (Hcrsliko and Ciechanover, 1992; Jentsch, 
1992). 

in order to study the biochemistry of sentrin-I modification in more detail, a COS cell 
expression system using HA-tagged sentrin-l mutants was utilized. Briefly, HA-tagged sentrin- 
1 mutani vs as transfected into COS ceils by iiposome-mediated transfection and total cell lysates 
were prepared 1 6 h after transfection fcr Western blot detection using either anti-HA antibody or 
anti-sentrin-i antiserum. liA-tagged ubiquitin (HA-Ubiquitin) was used as a control. As showTi 
in FIG. 6A. Vv^estem blot analysis of lysate prepared from COS cells expressing HA-Ubiquitin 
revealed a ladder of ubiquitin monomer, multimers, and ubiquitin-conjugated proteins. This 
pattern oT ubiqunination has been seen previously in the yeast and in mammalian cells (Hershko 
and Ciechanover, 1992, Jentsch, 1992). In contrast, HA-Sentrin-1 expressing cell lysate 
revealed onl}' the 18 kDa sentrin-l monomer, p90, and higher molecular weight sentrin-1 
cofijugates. Thus, the COS cell transfection system yields results similar to that detected by 
polyclonal antiserum shown in FIG. 5. In addition, the COS cell transfection system allowed 
clear detection of the unconjugated monomer. 

5.6.2.2 Sentrin-I C-Terminus Gly-Gly Residues 

The C-terminus of sentrin-1 has four amino acids (His-Ser-Thr-Val, SEQ ID NO: 12) that 
follows the invariant GI} -Gly residues. It has been shown that activation of the Gly residue is 
critical fcr transfer of ubiquitin to the ubiquitin conjugating enzymes and eventually to proteins 
(Mershko and Ciechanover, 1992; Jentsch, 1992). In order for sentrin-1 to serve in a conjugation 
pathuav anaK)gous lo ubiquitin, the C-tenninal four amino acids have to be removed. To 
address the question of C-terminal processing a sentrin-I construct with the HA-tag attached to 
the C-terminus was made. When Sen-GGHSTV-HA was transfected into COS cells, sentrin-l 
monomer could rot he detected with anti-HA mAb, but still could be detected by anti-sentrin-1 
aniiserum suggesting that C-lerminal HA-tag had been cleaved (FIG. 6B, lane 4). V^Tien the 
C-temiinal tour amino acids were removed (HA-Sen-GG), the expression pattern (monomer. 
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p90 and high molecular weight band?) was similar tc that of HA-Sen-GGHSTV transfeciant 
(FIG. 6B, lane 5). Removal of the invjuiant Gly97 residue (FLA.-Sen-G) com.pleteiy abolished 
the expression of p90 and the high molecular weight bands. Thus, the presence of the 
C-terminal GlyP^ is essential for conjugation of sentnn-l to other proteins. 

5 

5.6.7. >3 SUBCFJ.l UL AR 1 OCAI JZATION OF SENTRJN-1 

The subcellular localization of sentnn-l and sentrinized proteins was determined next. 
COS cells were transfected v/ith either HA-Ubiquitin or HA-Sentnn-1 cDNA-containing 
plasmids as described previously, fixed, permeabilized, and stained v/ith anti-RA niAh. As 

10 shovvTi in FJ.G. 7A, HA-Ubiquitin could be detected both in the cytosol and the nucleus. In 
contrast, HA-Sentrin-1 is mostly restricted to the nucleus. HA-Sentrin-1 transfected COS cells 
v/erc then fractionated into cytosolic (SI 00) and nuclear fraction (Nuc.) and immunobiotted with 
anti-HA mAb. As shown in FIG. 7B, the high moleculai v/eight bands were highly fitriched in 
the nuclear fraction. p90 was mostly associated with the nuclear fraction and the sentrin-1 

15 monomers were seen mostly in the cytosol. 



5.6.3 Discussion 

The inventors have sho Aii that senfrin-l cax- be conjugated to other proteins in a manner 
similar to the process of ubiquitination. Moreover, crJy a limited number of cellular proteins 
(p90 and the high molecular weight bands) are modified by sentrin-l. Remarkably, these 
sentrinized proteins appear to localized predominately to the nucleus. 

Using antiserum specific for the N -terminus of sentrin-1, the inventors have shown that 
sentrin-l monomer is expressed at low levels in SK-N-SH cells, but not detectable in other cell 
types (FIG. 5). In order to study the processing of sentrin-I monomer, a COS cell expression 
system was utilized. Plasmids containing HA-tagged sentrin-l cDNA inserts were transfected 
into COS cells and the tagged proxeins were detected by Western blot analysis. The KA~tag was 
placed either in the N- or C-terminus of wild type scntnn-1 or mutant sentrin-I. As showTi in 
FIG. 6B, the C-terminus of semrin-1 is efficiently processed in the trajisfected ceils. Moreover, 
the inventors' results clearly demonstrate the requirement of the C-termlnal Gly 97 residue for 
the formation of p90 and hig.h-moleculai- v/eight bands. Taken together, the processing of the 
C-tenninus of sentrin-1 is analogous to the processing of all natural ubiquitin fusion protein by 
C-terminal hydrolases (Hershko and Ciechanover, 1992). 
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T„e HA-Sen-OAHSTV mutant is infonnauve because o„W .he se«n„., monomer and 
p,0 wc. detected in -dte iysate of tntnsfected ceils (F.G. 6B). Sim,,, tcsuits were aiso seen m 
rHl.Sen.OA mutant ccept that an addttiona, .and. p,«., -s observed. Recent,, .t w^ 
"po^ed tbat a novo, ui,i<,uiUn ,i.e protetn (OMP,/SUMO-,) is covaientiy attached t 
LoIp,. a 70.KDa Kas-,i,ce OTPa. re,u,red Tor the Hdir«t.o^ -sport of protents a^ 
l„c,eoprotei„sacross.henuc,earporecompie.,NUtunis..099.Maha,an.,..9^^^^ 

nuuliu y ;nvprtiors also have evidence tor tne 

Remarkably. GMPi/SUMO., ,s tdmica, to sentn.w. The .nventors also 

presence of p70 (unn^dtftcd RanOAPi) and p.O (senuintzed RanOAPi) tn 
transiently transfectedsvitha.-.l!A-tagg=dRanOAP,plasm,d. ^ Sa 

RanOAP, is a hornoiog.e of the n.anr.e Fa„ (DeOregon oL 1994 and 

.. . Mdchior e/ of . 1«3). Umnodtfied 

„r.v/»i« and &. pome Rnalp (Atkinson a »!. ."85, Melclno, . 

Ra.nGAP, is localized in the cytosol, but excluded from the nucleus <rtopper al. 1990. 

on of RanOAPl by GMP, (sentnn-,, is essennal for its translocanon to the 
Itsm. fiher of the nuclear pore complex (Matunts . 1.96,. Thus, sen„,nt.t,on o 
^OAP, is a crucia, step in nuc.ear trans,oca,io. and should have tmportan. .mphcattons ■ 
KanUArii^ci t- a hvHrnla<?e activity associated with 

nucleocytoplasmic transport (Gorlich and Matta;, 1996). A '->"^<"-';"' ' ^ 
,be nuclear pore complex which releases sentrin-l from sentnmzed RanOAPl a * nu le. 
p„e complex has aiso been reported (Matunis « ai. .996, De-sentrtntzatton a the nud^ 
Z complex might allow RanG.APl to return to the cytosol and s^uin-l to enter the nucleus. 
" RLntly, two other groups have also re,.r,ed -dte cloning of cONA ~ 
Shcn c, ustng the human RAD5, as a bait, have cloned . ubi^uiun-hite pro^m^UBU 
,Shene,»,..1996). UBU a,so interacts w.th RADS, which is part of a complex^.^. »^- 
U of DKA double-strand breaks (Shen e, aL ,996). Boddy used PML. a proutn 
rlally involved in the pathogenesis of acute promyclocytic let^emia, tn a yea. two hybn 
Ten L identified a novel PML-interacttng clone, PIC. (Bodd, c, , ,996,^U ts posstb 
Z^ADSl. RAD5. or PML are not themselves sen.n„i.d but rather b.nd to other sentnn,^ 
that IJVUM. ^ homologue of 

proteins through non-covalent interaction. U is of interest 

' A s\-r^c.\ '^iP mutation which has increaseu 

se„trin-l.smt3.iscapableofco.recttnEa=ondm.r.all.dralm,r.m 

.„ot,c ch^mosome u.tabtUO (Brown c, al. 1993, Meluh and ..oshland, .99,) Th, 
, ILsten, .vith the findtng that .ntrinized RanOAP, is assocated with the mttot.c sptndle 

apparatus during mitosis (Ma'unis cl, 1996). 
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5.7 Example 7 - Ppxferential Interaction of Sentrin-1 with a 
Ubiolhtin-Conjugating Enzyme, UBC9 

Using the COS cell expression system, the present example demonstrates that sentrin-1 
can be conjugated to other proteins in a manner analogous to protein ubiquitiraiicn (Example 6). 
Mcreover. sen-rinized protcirr* appear to reside in the nucleus. The C-terminal four amino acids 
of sentnn-l w^re efficiently cleaved to allow the conjugation of sentrin-1 to other proteins via 
the ccnsen ed G!y97 lesidue. 

Since the sentrinization pathway shares many similarities with the ubiquitination 
pathwaN, it is of interest to identify specific E2 cr E3 proteins which may be involved the 
sentrinization pathway Using sentrin-1 as a bait in the yeast two-hybrid screen, the inventors 
identified a ubiquitiii-conjugating enzyme, Ubc9, which binds to sentrir-1 with high affinity. 
The interaction between sentrin-l and Ubc9 is much stronger than that between ubiquitin and 
Ubc9 or between sentrin-1 and three other E2s. Furthermore, the conserved C-terminal Gly-Gly 
residues of sentrin-1 are required fcr the high affinity interaction suggesting that sentrin-l could 
form a thio' ester bond with Ubc9. This is further substantiated by rin ir: vitro binding assay in 
which a P-mercaptoethanol-senshive senlrin-l -Ubc9 conjugate was observed. Tlius, Ubc9 
appears to be a key conjugating enz;/me for the sentrinization pathway. 

5.7.1 Materials and Methods 
5.7,1 . 1 Yeast Strains and Plasmids 

Yeast strains, SFY526 and HF7c. and the shuttle vectors pGBT9 and pGAD424 were 
purchased from Cloniech (Palo Alto, CA). The bait plasmid pGBT9-sentrin-l was constructed 
by insening the full-length sentrin-1 cDNA in-frame in the BamHI site of the pGBT9 vector. 
Deletion mutants were produced by a polymerase chain reaction-based strategy with appropriate 
primer sets. These insens contained a BarriVll linker at the 5' end and a stop codon ar.d a Pstl 
linker at the 3' end The PCR''"''^ product? v/ere digested with both BamHl and Pstl and then were 
ligatcd into the ycasi iwo-hybrid vectors that had been pre-digested with the same enz>'mes. The 
full-length or truncated human Ubc9 constructs were mudc by PCPT'^'* arriplification w^Jth 
appropriate primers from a plar.mid containing the UBC9 cDNA and subcloned into pGAD424. 
The E2 cDNAs were .implified by PGR™ from a hrjnan placenta cDNA. library The 
substitution mutant of I ■bc9(C93S) v/as generated using QuikChango Site-Directed Mutagenesis 
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f . 11 ranstracts were confirmed by automated 
(Stratagene, La ioUa, CA). The sequences of all consUa.ts 

sequencing (Applied Biosystems Inc, Foster Cu> . cA.)- 

5.7.1.2 YE.STTWO-HVBK.. SCREEN.NC ^^^^^^^^^^ ^ ^^^^^^ 

^^^^o.,^'^^s.^-^^2 HHc con« the b.t plasm.d 
previously (O.ura 1996). Briefly, the ,ea t «^ ^^^^^^^^^ ^^^^ 

,OBT.sentnn-l was transformed withahuman^^^^^^^ ^^^^ 

- — :^Z:sZ^l-^ on ..es ..n, histidme, 

approximately 5 . 10' ^^^^ p.,.actosidase activity 

"pe t.ty u^n, a p.el of plasmids encoding different polypeptides 
and reiestea for iheir spe..a.wu^ . 
fu^d ,o can DN A binding domain (Ok-^-a c> al.. 1996,. 

TH. M,.,...<-n cOKA of .BCP .as ^^^^^J^^^ 
Th. PC?™ oroduct was subcloned into pGEX-2T (Pha.m. 

^ r ,-pi restnction sites to generate pGEX-Ub-.7. 
BawHl and EcuVA restncuLi in ml of LB containing 50 

r-cv were crown to saturation in lu mi oi 
P0BX-UBC9 o. PO X ^ ^ „ ^, „f 

amp,cil,in. uansfe^d ,o „a.ior. O.i ■^i)- 

O.S. After adduion of ^-P-^^'-^-^*"^^ _ ^^^aud in .,s,s buffer 
.ui„.e was incubaud a, room -P^'-' ^^.^3,^ ,„„ egg white 
(20 mM Tris, pH8.0; 1 mM EDTA; 100 mM; NaC. ! . IGEPA _^ 

■ X A ur\^ 'cmoved by ceiitnfuganon. ine =onn-a 
„) and bacteria de ns w m y^ ^^^^^^^^^^^^^ ^^^^^^^^ 

incubated at 4°C for 1 h with 500 ^. of a 50 /o sluny ^^^^^ 

■ rc;T fusion protein bound beads were washed tnree tim-s wun 
centnfugauon, GST-ftision protein ir.FPAL CA-630). 

^ , x«cr>T& lOOmM^ aCl, and r/olubt^AL / 
buffer (20 mM Tris. pH8.0, 1 EDTA. 100 mrvi . 
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5.„.4,.n™oPaox..NB.NO..c A..VS ^^^^^^^ 
For i„ v,„o expression ol sentnn-1 ptotui,. P 

«** » <• - „f ,„ vi.» rransiared sen,r,n-l was 

Promega) according to .he sappl.ers rnsirucuon .0 ^l of 
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incubaied witli 50 fil of glutathione-Sephaiose beads containing approximarely 1 pg of GST or 
GST -fusion proteins for 12 h at 4*^0 in the binding buffer described previously (Okura erai, 
1996). After washing five limes in binding buffer, the samples were divided into tvv^o equal 
ahquots. One aliquot was treated with SDS-loading buffer without (i-mercaptoethanoL another 
was treated with SDS-ioadiug buffer containing 5% p-mercaptoethanol Finally, the samples 
were loaded onto a 15% SDS-polyacrylamide gel and visualized by autoradiography. 



5.7.2 Results anu risclssion 

It was of interest to determine whether sentrin- 1 utilizes a similar set of enzymes in the 
prccessmg of its C tenninus, in the activation of the Gly residue, and in conjugation to other 
proveiris. For this purpose, the yeast two hybrid system was used to ideiixily cDNA clones 
which encode polypeptides which are able to interact with sentrin-L Yeast suain HF7w, which 
contains tv/o Gal4-inducibie reporter genes, HIS3 and lacZ, was initially transformed with the 
bait piasmid pGBT9-sentrin-l ar.d then the resulting iransfonriant was used as host for 
transformation with the placenta cDNA library. Approximately 0.5 x lO"" primary libraiy 
transformants were plated onto places lacking histidine, leucine, and tryptophan. A. total of 104 
coionies appeared on the histidine dropout plates, 16 of which stained positive v/hen tested for 
expression of p-gaiactosidase. To test whether sentriri-1 was required for interaction with the 
products of the isolated cDNAs, all of these plasrnids were retransformed into the yeast strain 
SYP526 together with plasrnids encoding other Gal4 DNA binding domain fusion proteins. All 
hybrid proteins were found to interact only with Gal^ sentrin- 1 . Subsequent analyses indicated 
that one of these colonies contained an approximately 1.8 kbp insertion. Analysis of the cDNA 
sequence showed a single open reading frame of 158 amino acids. Comparison of the deduced 
amino acid sequence with GenBank revealed that the protein encoded by the newly identified 
cDNA is Ubc9, a human ubiquiiin conjugating enzyme that is a stpjctural and functional 
homologue of ScUBC9 (Yasugi and Howley, 1996; Seufert ai, 1995). 

The yeast rwo-hybrid system was used to further assess the structural requirement of 
sentrin-1 and Ubc9 interaction. Various deletion mutants of either scntrin-1 or Ubc9 were 
constructed emd tested in the yeast two-hybiid assay. As shov/n in FIG. 8, wild t>pe sentnn-1 
interacted strongly with Ubc9. as evidenced by a detectable color change within 45 min. This 
is comparable to the interaction between SV40 laige T and p53 and is stronger than the 
FADD/MORTl and Fas interaction ( Okura et al. 1996). Deletion of the four C-terminal amino 
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acids had minimal effect on the interaction (3+). Deletion of the N terminal 23 amino acids, 
sentrin-l (24-101), reduced the interaction from to 2+. Deletion of both the N and C termini, 
scntrin-l (24-97), reduced the interaction to barely detectable. Deletion of the C-termiral 31 
amino acids, sentrin-l (1-70), completely abolished the interaction. The N-terminal 23 amino 
5 acids also could not interact with Ubc9. Thus, the ubiquitin-domain of sentrin-l is required for 
the interaction. 

Since the ubiquitin-domain of sentrin-l is required for the interaction, the interaction 
between ubiquitin and Ubc9 was also tested. As shown in FIG. 8, ubiquitin did interact with 
Ubc9, but the interaction was much v/ea];er than the interaction betv/een sentrin-l and Ubc9. 

10 Deletion of the C-tenninal 50 amine acids or the N- terminal 30 amino acids of Ubc9 also 
abolished these interaction. These results suggest that the N-terminal 21 amino acids of sentrin- 
1 enhances the mteraction of sentrin-l with Ubc9. It should be emphasized that the yeast two 
hybrid results should not be taken to imply that Ubc9 prefers sentrin-l over ubiquitin. The 
process of ubiquilination and sentrinization could be influenced by the presence of additional 

1 5 proteins in vivo. However, these results clearly demonstrate that the interaction betv/een sentrin- 
1 and Ubc9 is highly specific and thereby biologically significant. 

Ubc9 belongs to a family of ubiquitin-conjugating proteins (Jentsch, 1992). All known 
E2 enzymes have a conserved domain of approximately 1 6 kDa called the UBC domain. This 
domain is at least 35% identical to all known E2s and includes a centrally located cysteine 

20 residue for ubiquiiin-enzyme thiol ester formation (Jentsch, 1992). The inventors have cloned 
four other E2s by using PCR™ amplification from a human placenta cDNA library. These E2s 
were tested for their ability to interact with sentrin-l. Only UbcHSB (Jensen et al, 1995) had a 
weak interaction with sentrin-l. HHR6B (Koken etal, 1991), UbcH6 (Nuber et ai, 1995) and 
E2-EPF (Liu et al, 1992) were unable to interact with sentrin-l. These observations fiirther 

25 demonstrate the specificity of the interaction between sentrin-l and Ubc9 interaction. 

The C-terminus of sentrin-l is efficiently processed and Gly97 is essential for 
sentrinization to occur (Kamitani ctciL, 1997). A number of C-terminal deletion and 
substitution mutants were constructed and tested in the yeast two hybrid assay. As shown in 
FIG. 8, deletion of Gly97, or Gly96-97, or substitution of Ala-Ala for Gly-Gly, abolished the 

30 inieraction of sentrin-l with Ubc9 These results are consistent with the inventors' previous 
finding that Gly97 plays a critical role in the formation of sentrinized proteins. These results 
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also suggest that a covalcn: linkage of sentrin-1 to Ubc9 accounts for the strong inieraction 
between these proteins in tne yeast .a\'o hybrid interaction. 

To provide f:uther evidence for tr^e interaction between senmn-l and Ubc9, a GST-Ubc9 
fusion protein was ev gineered ruid expressed in E. col:. GST or GST-Ubc9 proteins v/ere then 
used to precipitate Ln vitro transcribed and translated sentrin-L As showr* m FIG. 9, GST-Ubc9 
(lane 3), but not GST (lari'; 2), could specifically precipitate in vitro translated sentrin-i. In lane 
3, a 69 k'Da ban.d could also be visualized. This band most likely represents sentrin-1 
conjugated to GST-Ubc9 via a thiol ester linkage because it disappeared when the sample was 
reduced with 5% P-rnercapcoethanol (lane 5). In separate studies, the inventors have shown that 
other GST fusion proteins could not precipitate sentrin-1. Thus, it appears that sentriri~l was 
activated by an El in the reticulocyte lysate after translation. The activated sentrin-l then bound 
to GST-lIbc9 via a thiol ester linkage. To further substantiate this cbser\'ation, the active site 
cysteine residue 93 in Ubc9, which is necessary for thiol ester formation, was mutated to serine. 
In FIG. 10, in vitro translated sentrin-1 could be precipitated by GST-Ubc9 (lane 3) and GST- 
Ubc9(C93S) (lane 4). However, the higher molecular weight band was only observed in the 
sample precipitated by GST-Ubc9. These results suggest that sentrin-1 could form a thiol ester 
linkage with Ubc9 via the conserved cysteine residue. 

ScUBC9 was first reported by Seufert and his colleagues in 1995 (Seufert et al. 1995). 
They showed that repression of Ubc9 synthesis prevents cell cycle progression at the G2 or early 
M phase, causing the accumulation of large budded cells with a single nucleus, a short spindle 
and replicated DNA. In ubc9 mutants both CLB5, an S-phase cyclin, and CLB2, an M-phase 
cyclin, are stabilized (Seufert et al, 1995). In wild type cells the CLB5 protein is unstable 
throughout the cell cycle, whereas CLB2 turnover occurs only at a specific cell cycle stage. 
Recently, there have been a number of reports demonstrating the association of Ubc9 with 
several biologically important proteins. Hateboer and his colleagues showed that murine Ubc9 
binds to the CR2 of adenovirus El A protein (Hateboer et al. 1996). Gottlicher and his 
colleagues demonstrated that human Ubc9 interacts with c-Jun and the glucoconicoid receptor 
(Gottlicher et al. , 1 996). Jiang and his colleague showed that scUbc9 interacts with cbDp 
subunit of the Saccharomyces cerevisiae centromere DNA-binding core complex (Jiang and 
Koltin, 1996). Wang and his colleagues reported that human Ubc9 associates with the negative 
regulator)' domain of the Wilms' tumor gene product (WTl) (Wang et al. 1996). Yasugi and 
his colleagues also showed that human Ubc9 interacts with the human papillomavirus type 16 
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El replication protein (Yasugi and Howley, 1996). Kho et al. also reported that the rat Ubc9 
interacts with the helix-loop-helix E2A proteins (Kho et al. , 1 997). Three additional reports 
warrant special attention. Wright ct al. reported that human Ubc9 is associated with the signal- 
competent form of human Fas (Wright et rJ., 1995). In light of the inventors' finding that Fas 
binds to semrin-1 (Okura et al., 1996) and sentrin-l binds to Ubc9, these results could indicate 
that either Fas is a target for sentrinization or Fas is part of a novel sentrinization complex that 
includes sentrin-l and Ubc9, The association of both sentrin-l and Ubc9 with other proteins is 
not limited to Fas. Kovaienko and his colleagues reported that hujnan Ubc9 interacts with 
human RadSl (Kovaienko et al, 1 996). Furthermore, Saitoh et al. reported that RanBP2 
associates with Ubc9 and a sentrin-l -modified form of RanGAPl (Saitoh al, 1997). The 
interaction of sentrin-l and'or Ubc9 with other proteins is listed in Table 2 to facilitate 
comparson. It is not clear which protein listed in Table 1 is sentrinized or ubiquitinated 
utilizing Ubc9 as a specific E2. 
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Table 2 

Proteins Which Interact With Either SEN7RiN-i Or Lbc9, Or Both 



Protein Shown to interact with 





Scntrin-l 


Ubc9 


has 










-t- 


Kaiu3r<Z 




+ 


Adeno virus El A 






Papilloma virus El 






c-jun 






Glucocorticoid receptor 




+ 


cbf3p of centromere 






El 2 of E?. A protein 




4- 


Wilm tumor gene product 




H- 


PML 


4- 




Rad52 






TNFRl 


+ 




RanGAPl* 







* Covalem modification by sentrin-! 



5,8 Example 8 - Covalent Modification Of PML By The Sentrin Family 
Or Ubiquitin-Lik£ Proteins 

Over-expression of sentrin- 1 protects cells against anti-Fas or TNF-induced cell death. 
The inventors have also demonstrated thai sentrin- 1 could form covalent conjugates with other 
proteins in a process analogous to protein i^biquitination (Kamitani el al., 1997a). Furthermore, 
the majority of the sentrinir^ed proteins are localized to the nucleus. Remarkably, the amino acid 
sequences of sentrin-1 and PICl are identical. Boddy el al. 0996) were unable to demonstrate 
an in-vitro interaction between PICI (sentrin-l) ar>.d PML, possibly due to tecluiical problems in 
their co-precipitation assay (see below). 

The inventors hav? determined whether sentnn-] could associate with and covalcnily 
modify PML. For this purpose, MA-;rpitope tagged PML (HA-PML) was expressed in COS 
cells and total cell lysates were analyzed by Western blotting, as previously described 
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(Examples 5-7). Three different antibodies were employed in this analysis. As shown in 
FIG. 1 lA, a mouse anti-PML monoclonal antibody detected tlie 70 kDa PML (arrowhead) and a 
90 kDa band (lane 2). A rabbit anti-PML antiserum detected both the 70 kDa and 90 kDa band 
(lane 4). There is also a weak higher molecular weight band in the lysate and several lower 
molecular weight bands, which are most likely degradation products of PML (lane 4). A highly 
sensitive anti-HA monoclonal antibody detected several bands higher than 70 kDa (lane 6). 
Since the predicted molecular weight of PML is only 70 kDa, the presence of these higher 
molecular weight bands suggest that PML could either migrate aberrantly or could be modified 
by other molecules, such as sentrin-I or ubiquitin. 

Next, an immunoprecipitation study was performed with COS cell lysates expressing 
HA-PML, as previously described (Examples 5-7) (FIG. 11 B). Two different anti-HA 
monoclonal antibodies were employed in this study to detect HA-PML and its derivatives. The 
total cell lysates of the transfected COS cells contained the 70 kDa unmodified HA-PML and a 
series of higher molecular weight bands (lane 2), As shown in lane 4, anti-FADD antiserum 
(Kamitani et ai, 1997c) did not precipitate any proteins from the lysate. In contrast, 
immunoprecipitation with anti-sentrin-1 antiserum (Kamitani et al, 1997a) precipitated two 
proteins that were approximately 70 and 90 kDa (lane 6). These results suggest that HA-PML 
could be modified by sentrin-1. However, the molecular weight of the precipitate does not 
match the modification pattern seen in FIG. 1 1 A. This is most likely due to protein degradation 
or de-sentrinization during immunoprecipitation. 

To circumvent this problem, a different system was employed, as described in the 
inventors' recent report demonstrating the conjugation of sentrin-1 to RanGAPl. Here, PML 
was tagged with RH epitope (RGSHHHHHH) (SEQ ID N0:7) at the C-terminus and expressed 
in COS cells. Transfected cells were lysed with 6 M Guanidine HCl to denature proteins in the 
lysate and to prevent any non-specific proteolysis or de-sentrinization. RH-cagged PVIL (PML- 
RH) was then precipitated with nickel- charged beads and was immunoblotted v/ith either anti- 
sentrin-1 antiserum or with anti-RH monoclonal antibody. As showTi in FIG. IIC, 3 distinct 
bands were identified in the anti-sentrin-l and anti-RH lanes (lanes 2. 4). As a control, HA- 
PML could not be precipitated by nickel-charged beads and could not be detected with either 
anti-sen*nn-] antisemm or anti-RH antibody (lanes 1, 3). These studies suggest that PML is 
covaiently modified by serlrin-1 at multiple sites. Tlie inventors do not favor the possibility of 
modification at the single site by sentrin-1 multimxrs because senirin-1 does not contain the 



wo 98/20038 PCT/T;S97/20344 

conserved Lys48 equivalent recuired for multimer formation (Hershko and Ciechanover, 1992) 
(see FIG. 12). This noticn is further siipponed by the observation that RanGAPl is modified by 
a single molecule of nenirin-l.^GMPl/SUMOl (Kamitani et ai. 1997b; Mahiajan e: al , 1997; 
Matimis et al. 1996). 

Sentrin-1 belongs to a family of ubiquitin-like proteins (see FIG. 12). Sentrin 
homologues have b-en repoited from A. thaliana to H. sapiens, suggesting that sentrin- 1 is an 
evolutionary consep/ed protein that may peri^omi unique functions in cellular metabolism. 
Further analysis of the database revealed two additional human cDNA. seqviences tliat aie highly 
homologous to sentrin- 1 (Mannen et al, 1996; Lapenta et al, 1997). T)ii:> is of interest because 
there is oaly one sentrin homologue reported for all of the non-maminaiiau genera and species. 
While original publications by the inventors referred to the proteir as "semriri*", the inventors 
ha\'c now renamed the protein "sentrin- 1" and the other two sequences as seritrin-2 
<T0X096/X99585) and sentrin-3 (X99584). It is not knov^i whether sentriii-2 or sentnnO could 
fomi covalent conjugates with other proteins. 

Since sentrin- 1 could covalently m^odify PML, it is of interest to detennine whether 
scnirin-2 or sentrin-3 could also be used as PML nodifie^s. For this purpose. Hy\-tag was 
placed ai the N-termini of sentrin 1, sentrin-2, and sentrin- 3 and expressed in COS cells as 
prin iouslv described ^Kamitani et ai, 1997a). RanG.\Pl was used as a positive control because 
RanGAPl is covalently modified by sentrin-1 or SUMO-]/GMPl (Kamitani ei ai, i997a; 
Mahajan ct al.^ 1997; Matunis et al. 1996). It is not kno^An, however, whether P.anGAPl could 
be modified by sentrin-2 or sentrin-3. HA-tagged .sentrin family members were co-expressed 
with RH-RanGAPl in COS cells. Tola! cell lysates were incubated with nickel-charged beads to 
precipitate RH-P.anGAPl and its derivatives. As shown in FIG. 13A., sentrin-1, sentrin-2, or 
sentrin-3 could covaiently mcdif/ RanGAPl (larie 4, 5, 6) This is specific because neither 
RadSl (lane 1), ubiquitin (lane 2), nor NEDD8 (lane 3) could modify RanGAPl. The purified 
RJ-I-RanGAPl derivatives were also detected in a separate Western blot analysis utilizing anti- 
RH monoclonal antibody (lares 7-12). As shown, both the uniTiodified RanGAPl and 
seiitrinized RanGAPi were detected in all ?ampU^s. It should be noted that p90 in lanes 7-9 was 
derived from RanGAPl modified by native sentrin in COS cells. This is further supported by 
the obser\ation of a 90 kDa doublet in the HA-sentrin-K 2, or 3 transfected sample (lanes 10- 
12). The upper band of the doublet is mo5t !ike:y RanGAPi modified by HA-sentrin and the 
lower bcmd is most likely RanGAPl modified by native sentrin (lanes 10-12). It should be noted 



wo 98/20038 PCT/US97/20344 

-65- 

that a single 90 kDa band was observed in ceils expressing HA-iagged sentrin-1 (lane 4-6), 
suggesting that RanGAPl is modified by one sentrin-1 molecule. These studies also provide the 
first evidence that RanGAPl could be covalently modified by all sentrin family members. This 
modification is highly specific because neither NEDD8 nor ubiquitin could form a covalent 
linkage with RanGAPl . 

A similar approach was applied to RH -tagged PML. As shown in FIG. 13B. sentrin-1, 
sentrin-2, or sentrin-3 could covalently modify PML (lanes 4-6). Furthermore, three sentrinized 
PML bands were observed (lanes 4"5). It appears that sentrin-2 and sentrin-3 are more efficient 
in modifying PML than sentrin-l. This could aiso be due to the relative abundance of the 
expression of sentrin-2 or scnirin-3 (see below). Again, Ub ar^d NEDD8 could not form any 
stable conjugate with PML. The precipitated RH-PML derivatives were also detected in a 
separate Western blot analysis utilizing anti-RH monoclonal antibody (lanes 8-12). As shovm, 
unmodified PML was detected in all samples (lanes 8-12). Thus, the inability of ubiquitin or 
NEDD8 to form stable conjugate with PML is not due to insufficient expression of PML in the 
iransfected COS cells. The higher molecular weight conjugates in lanes 8 and 9 are due to 
conjugation of PML by native sentrin present in COS cells. 

To further confirm that PML is covalently modified by sentrin, the inventors constructed 
mutants in which the conserved Gly residue required for the formation of isopeptide bond 
(marked by a clcsed triiingle in FIG. 12) and its adjacent C-terminal amino acids have been 
deleted (Kamitani ai. 1997a). As shown in FIG. 13C, the native sentrins could all fonn 
stable conjugates when expressed in COS cells (lanes 2, 4, 6). In contrast, the deletion mutants 
were onh' expressed as monomers and could not form high molecular weight conjugates (lanes 
3, 5, 7). These studies also demonstrated that sentrin-2 and sentrin-3 monomers were expressed 
more abundantly in the transfected COS cells and could form more conjugates. These HA- 
tagged sentrins were used in a co-expression study with RH-tagged PML (FIG. 13D). As 
shovvTi. both sentrin-1 and sentrin-2 could form stable conjugates with PML (lanes 1 and 3), 
whereas the deletion mutants could not modify' PML as expected ('lanes 2 and 4). The 
expression of PML-RH and its derivatives were confimied by immunoblotting with anti-RH 
antibody, shown in lanes 5-8. Again, PML-RH could be modified by native sentrin (lanes 6 and 
8). 

The predicated molecular weight of PML is approximately 70 l-^Da. Chang and his 
colleagues have reported that the PML protein migrates at about 90 kDa during SDS-PAGE 
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probably due to its acidic nature contributed by the proline rich domain (Mu et al.. 1994: Le and 
Chang, 1996). In view of these results, the 90 kDa band observed in these reports is most likely 
due to modification of PML by sentrin. There is abundant de-sentrinizing activity in the cell 
lysates that couid ccniribute to the difficulty in demonstrating that PML is covaiently modified 
5 by sentrin. PML. after RptiGA^PI, is a second target for the sentnnization pathv/ay. 

Remarkably, all of the senu'in family members couid form a covalent linkage with PML via the 
conser/ed Gly residue. These results also demonstrate tlie difference in target specificity 
between the sentrinization pathway and the ubiquitinalion pathway because neither ubiquitin nor 
NtDDS could modify PML. The inventors' recent finding of a preferential inieraction between 
10 sentrin- 1 and Ubc9 further supports the distinction between the ubiquitination and sentrinizaiior 
pathways. Tnus, it appears that the sentrinization pathway has unique conjugating enz>'me a-nd 
target substrates. 

5.9 Example 9 Sentrin-2 and Sentrin-3 Sequences 
1 5 5.9.1 DNA Sequence of Sentrin 2 (SEQ ID NO:3) 

CGGCACGAGGGTGCTGCTTGTGTGCTCGTTTGGTGCGGACCTGGTACCTCTTYTTGTGAAGCGG 
CAGCTGAGGAGACTCCGGCGCTCGCCATGGCCGACGAAAAGCCCAAGGAAGGAGTCAAGACTGA 
GAACAACGATCATATTAATTTGAAGGTGGCGGGGCAGGATGGTTCTGTGGTGCAGTTTAAGATT 
AAGAGGCATACACCACTTAGTAAACTAAl'GAAAGCCTATTGTGAACGACAGGGATTGTCAATGA 

20 GGCAGATCAGATTCCGATTTGACGGGCAACCAATCAATGAAACAGACACACCTGCACAGTTGGA 
AATGGAGGATGAAGATACAATTGATGTGTTCCAACAGCAGACGGGAGGTGTCTACTGAAAAGGG 
AACCTGCTTCTTTACTCCAGAACTCTGTTCTTTAAAGACCAAGATTACATTCTCAATTAGAAAA 
CTGCAATTTGGTTCCACCACATCCTGACTACTACCGTATAGTTTTCTCTATTCTTTCATTTCCC 
CCTTCCCCATTCCTTTATTGTACATAAAGTAACTGGTATATGTGCACAAGCATATTGCATTTTT 

25 TTTTTTTTTAACTAAACAGCCAATGGTATGTTTTGATTGACAl'CCAAGTGGAGACGGGGATGGG 
GAAAAATACTGATTCTGTGGAAAATACCCCCCTTTCTCCCATTAGTGGNCATGCTCCATTCAGC 
CCTTAAACCTTTATAATCCCAGGTAAGGTAATTTNGCCCNCACCGGTTTTACCCAAAAAAAAAA 
AAACTT 

30 5.9.2 AMINO Acid Sequence of Sentrin-2 (SEQ ID NOr4) 

MADEKPKEGVKTENNDHTNLKVAGODGSWQFKJKRHTPL.SKLMfCAY 
CERQGLSMRQIRFRFDGQPINETDTPAQLEMEDEDTIDVFQQOTGGVY 

5.9.3 Nucleic Acid Sequence of Sentrin-3 (SEQ ID NO:5) 

35 TTCGGCACAGGCGGGAGANCGGCGGGGCCGAAGCGTGAACTCGCCCGCTCCGGCTTGCTTCCCCCGCGCC 
GCCTCCCCGCGCCGCTCGGAAGCCATGTCCGAGGAGAAGCCCAAGGAGGGTGTGAAGACAGAGAATGACC 
ACATCA\CCTGAAGGTGGCCGGGCAGGACGGCTCCG:".^GGTGCPr>TTCAAGATCAAGAGGCACACGTCGCT 
3AGCAAGCTGATGAAGGCCTACTGCGAGAGGCAGGGCTTGTCAATGAGGCAGATCAGATTCAGGTTCGAC 
GGGCAGCCAATCAATGAAACTGACACTCCAGCACAGCTGAGAATGGAGGACGAGGACACCATCGACGTGT 

40 TCCAGCAGCAGACGGGAGGTGTGCCGGAGAGCAGCCTGGCAGGGCACAGTTTCTAGAGGGCCCGTCCCCA 
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GCCCGG3CCGTCCATCCTCGCATTGCTGTTGi='J\TGGTGAGCACGTGACCATGCCGACCACAAAGGTGTCT 
GCGGAAACTCGAGGACATTCACCACGATGATTTTCCTCTCTTTGATGTACTTCAAGTGCAACTCAAAACT 
ATATCTGCAGGGATGAATCTGTAACTTAAATTGGGCCAATCAGAATTGTTATCTTTGTTCAGGTAAAATG 
AGTTGCAAGATATTGTGGGTACTTTTGTGTGCTCATTTGTGTTTTCCCCCCCTCCTACAACATTTTTTTA 
5 ACCCCAAAATTATAGCCTGAATGTTCGCTTTTAGTCTGGCCAGGGATCTGACTCCTGAGTTGGTTGCCTC 
TCCCCTGCTCACTCCAGTCACATAGAG.V^TTGGTGTTTCCCGCAGTGGGGATTGCAGCTGTTGGACAGGT 
ATTGGGGGCAAGGTTGGTAGGGAGGACAGACTGTCACTTGCTGTTACAGGCACAGGTGATTAAAATGCTA 
AATATTGCAAATTTAAGCTTTGTCAGTATATGGAPJUVGTTGAAGGGAAAATACTGGAATGCTTCTTCAAA 
GGTTAAA?^J^TAACCGAGTCTTTTGGTAATTTGACCCCACGTGCTCTCTGGCCCTCAAGCATGTAACCTC 

10 GGGGTCTGAGGCCCAGGACCCACCCCCCTGCCACCCCTCCCACCCCACTCCCTGCTCAGTACCTGGCGTT 
GGTACACAGGCAAGGATTGGCACAACCAi^J^ATTGGCCTTrTTCTCCCTCTTAATATTGAAGAAATTCCCA 
CATTTCTCATTTGGTAATGGTGTTGTGGCCTCAGATTTCTTCTAGTATTTGCTTCTGATGAATGATTATG 
GTCTATACATAAAAAAGTAAGACTAAGTATTGCTGAATTTGCAGTTATGTTGTCGTGTATAAGAGCTACT 
TCCAAGTGTGGTTACAAATGAACCCATGGAATGATGACTTCATGTTCTTCTCGTGGGTTTGTGCCGTGCT 

15 GCTTTCCAAATAGGTATTGAATTTATGCATTAGTCTGGTGATTTCAGTTCTGTGAAATATTTTGGGATCT 
ATACCAATTAAACATTTTaVlYiGTl'CTGCCTATTGrCCTTCCCTGAGGCTCCATTGCTGCTTGGTGGCCA 
TTCTCTGCCTTTTTACAGTCACCTGAACAATGACCCATCATCTCTTGCTTGCTTGAAATCTTGCTGAAAT 
GTTCTCATTTCC'IGTTTGCTGTATGGGCTCGGGTGGGATGTTTGTTGGCTCTGTTGTGTTTATTCACCAA 
TTTGTACATTATTTGTTGTCCTTTACTACTGTAAACAGTAAATATAGTTTGGT 

20 

5.9.4 Amino Acid Sequence of Sentrin-3 (SEQ ID NO:6) 

MSHEKPKEGVKTENDHINLKVAGQDGSVVQFKIKRHTSLSKLMKAYCERQ 
GLSMRQlRFRFDGOPINETDTPAQLRiMEDLDViDVFQQQTGGVFESSLAGHSF 
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All of the compositions and methods disclosed and claimed herein can be made and 
executed without undue experimentation in light of the present disclosure. While the 
compositions and methods of this invemion have been described in terms of preferred 
embodiments, it will be apparent to those of skill in the art that variations may be applied to the 
compositions and methods and in the steps or in the sequence of steps of the method described 
herein without departing from the concept, spirit and scope of the invention. More specifically, 
it will be apparent that certain agents which are both chemically and physiologically related may 
be substituted for the agents described herein while the same or similar results would be 
achieved. All such similar substitutes and modifications apparent to those skilled in the art are 
deemed to be within the spirit, scope and concept of the invention as defined by the appended 



claims. 
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7.0 Sequence Listing 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) N7\ME : Board of Regents, The University of Texas 

System 

(B) STREET: 201 W. 7th 



(ii) TITLE OF INVENTION: COMPOSITIONS AND USES FOR A NOVEL CELL DEATH 
PROTECTING PROTEIN 

(iii) NUMBER OF SEQUENCES: 12 

(iv) COMPUTER READABLE FORM: 

(A) MEDIL^ TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPEPJVTING SYSTEM: PC-DOS/MS -DOS 

(D) SOFTWARE: Patent In Release #1.0, Version #1.3 0 (EPO) 

(VI, PRIOR APPLICATION DATA: 

(A) APPLICATION MTJ^-IHER : US Unknov.Tl 
(3) FILING DATE; 04-NOV-1997 

(VI ^ PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 60/030,302 

(B) FILING DATE: 05-NOV-1996 



(2) INFOP>1ATION FOR SEQ ID NO r 1: 

(1) SEQUENCE CR2iJ?ACTERISTICG : 

(A) LENGTH: 1465 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

^ix) FEATURE: 

(A) NAME/KEY: CDS 
(3) LOCATION: 88. .350 

(:•:!'■ SEQUENCE DESCRIPTION: GEQ ID NO: 1: 

CGGGAAGGAT TTGTAA^.CCC CGGAGCGAGG TTCTGCTTAC CCGA3GCCGC TGCTGTGCGG 6 0 

AGACCCCCGG GTGAAGCCAC CGTCATC ATG TCT GAG CAG GAG GCA AAA OCT 111 



(C) 
(D) 
(E) 
(F) 



CITY: Austin 
STATE : Texas 
COUNTRY: USA 



POSTAL CODE (ZIP) : 78701 



Met Ser Asp Gin Glu Ala Lys Pro 




GAG GAC TTG GGG GAT I^AO ?iP.G CPJ^ GGT GAA TAT ATT AAA CTC 
Glu Asp Leu Gly Asp Lys Lys Gin Gly Glu Tyr lie Lys Leu 
15 20 



159 
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AAA GTC ATT GGA CAG GAT AGC AGT GAG ATT CAC TTC AAA GTG AAA ATG 207 
Lys Val lie Gly Gin Asp Ser Ser Glu He His Phe Lys Val Lys Met 
25 30 35 40 

ACA ACA CAT CTC AAG AAA CTC AAA GAA TCA TAG TGT CAA AGA CAG GGT 255 
Thr Thr His Leu Lys Lys Leu Lys Glu Ser Tyr Cys Gin Arg Gin Gly 
45 50 55 

GTT CCA ATG AAT TCA CTC AGG TTT CTC TTT GAG GGT CAG AGA ATT GCT 303 
Val Pro Met Asn Ser Leu Arg Phe Leu Phe Glu Gly Gin Arg He Ala 
60 65 70 

GAT AAT CAT ACT CCA AAA GAA CTG GGA ATG GAG GAA GAA GAT GTG ATT 351 
Asp Asn His Thr Pro Lys Glu Leu Gly Met Glu Glu Glu Asp Val lie 
75 80 85 

GAA GTT TAT CAG GAA CAA ACG GGG GGT CAT TCA ACA GTT TAGATATTCT 400 
Glu Val Tyr Gin Glu Gin Thr Gly Gly His Ser Thr Val 
90 95 100 

TTTTATTTTT TTTCTTTTCC CTCAATCCTT TTTTATTTTT AAAAATAGTT CTTTTGTAAT 46 0 

GTGGTGTTCA AAACGGAATT GAAAACTGGC ACCCCATCTC TTTGAAACAT CTGGTAATTT 52 0 

GAATTCTAGT GCTCATTATT CATTATTGTT TGTTTTCATT GTGCTGATTT TTGGTGATCA 58 0 

AGCCTCAGTC CCCTTCATAT TACCCTCTCC TTTTTAAAAA TTACGTGTGC ACAGAGAGGT 64 0 

CACCTTTTTC AGGACATTGC ATTTTCAGGC TTGTGGTGAT AAATAAGATC GACCAATGCA 700 

AGTGTTCATA ATGACTTTCC AATTGGCCCT GATGTTCAGC ATGTGATTAC TTCACTCCTG 760 

GACTGTGACT TTCAGTGGGA GATGGAAGTT TTTCAGAGAA CTGAACTGTG GAAAAATGAC 82 0 

CTTTCCTTAA CTTGAAGCTA CTTTTAAAAT TTGAGGGTCT GGACCAAAAG AAGAGGAATA 88 0 

TCAGGTTGAA GTCAAGATGA CAGATAAGGT GAGAGTAATG ACTAACTCCA AAGATGGCTT 94 0 

CACTGAAGAA AAGGCATTTT AAGATTTTTT AAAAATCTTG TCAGAAGATC CCAGAAAAGT 1000 

TCTAATTTTC ATTAGCAATT AATAAAGCTA TACATGCAGA AATGAATACA ACAGAACACT 1060 

GCTCTTTTTA GATTTTATTT GTACTTTTTG GCCTGGGATA TGGGTTTTAA ATGGACATTG 112 0 

TCTGTACCAG CTTCATTAAA ATAAACAATA TTTGTCAAAA ATCGTACTAA TGCTTAITTT 1180 

ATTTT^J^TTG TATAGAAAGA AAAAAATGCC TAAAATAAGG TTTTCTTGCA TAAATACTGG 124 0 

AAATTGCACA TGGTACAA^^.T TTTTTCTTCA TTACTGTACA GGGATGATGT TAATGACTTT 13 00 

GGAGCACTGA AAGTTACTGA AGTGCCTTCT GAATCAAGGA TTTAATTAAG GCCACAATAC 136 0 

CTTTTTAATA CTCAGTGTTC TGTTTTTTTT AAAAACTTGA TATTCCCGTA TGGTGCATAT 142 0 

TTGATACAGG TACCCAATCA TGTTGGATAA ATGGGCATGC CAGCC 14 6 5 
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i2) INFORMATION FOR SEQ ID NO : 2: 

(1) SEQUENCE CHARACTERISTICS. 

(A) LSITGTH: 101 am.ino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

MOLEC'JLE TYPE: prccein 

rxi) SEQOKNCE DESCRIPTION: SHQ ID NO: 2: 

Met her Asp Gin Glu Ala L.ys Pro Ser Thr Glu Asp Leu Gly Asp Lys 
15 10 15 

Lys Gin Gly Glu Tyr lie Lys Leu Lys Val lie Gly Gin Asp Ser Ser 

20 25 30 

Glu lie His Phe Lys Val Lys Met Thr Thr His Leu Lys Lys Leu Lys 
35 40 45 

Glu Ser Tyr Cys Gin Arg Gin Gly Val Pro Met Asn Ser Leu Arg Phe 
50 55 60 

Leu Phe Glu Gly Gin Arg lie Ala Asp Asn His Thr Pro Lys Glu Leu 
65 70 75 80 

Gly Met Glu Glu Glu Asp Val lie Glu Val Tyr Glri Glu Gin Thr Gly 
85 90 95 

Gly His Ser Thr Val 
100 



(2) INFORMATION FOR SEQ ID NO : 3: 

(i) SEQUENCE CHAP^^CTERISTICS : 

(A) LENGTH: 774 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ix) FEATURE: 

(A) NAME/KEY: modif ied_base 

(B) LOCATION: 53 

(D) OTHER INFORMATION: /note= "Y = C OR T" 

(ix) FEATURE: 

(A) NAME/KEY: modi f i ed_bas e 

(B) LOCATION: one -of (68 9, 73 9, 744) 

(D) OTHER INFORMATION: /note= "N = A, C, G OR T" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CGGCACGAGG GTGCTGCTTG TGTGCTCGTT TGGTGCGGAC CTGGTACCTC TI'YTTGTGAA 6 0 

GCGGCAGCTG AGGAGACTCC GGCGCTCGCC ATGGCCGACG AAAAGCCCAA GGAAGGAGTC 12 0 

AAGACTGAGA ACAACGATCA TATTAATTTG AAGGTGGCGG GGCAGGATGG TTCTGTGGTG 180 
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CAGTTTAAGA TTAAGAGGCA TACACCACTT AGTAAACTAA TGAAAGCCTA TTGTGAACGA 24 0 

CAGGGATTGT CAATGAGGCA GATCAGATTC CGATTTGACG GGCAACCAAT CAATGAAACA 3 00 

GACACACCTG CACAGTTGGA AATGGAGGAT GAAGATACAA TTGATGTGTT CCAACAGCAG 36 0 

ACGGGAGGTG TCTACTGAAA AGGGAACCTG CTTCTTTACT CCAGAACTCT GTTCTTTAAA 420 

GACCAAGATT ACATTCTCAA TTAGAAAACT GCAATTTGGT TCCACCACAT CCTGACTACT 4 80 

ACCGTATAGT TTTCTCTATT CTTTCATTTC CCCCTTCCCC ATTCCTTTAT TGTACATAAA 54 0 

GTAACTGGTA TATGTGCACA AGCATATTGC ATTTTTTTTT TTTTTAACTA AACAGCCAAT 600 

GGTATGTTTT GATTGACATC CAAGTGGAGA CGGGGATGGG GAAAAATACT GATTCTGTGG 660 

AAAATACCCC CCTTTCTCCC ATTAGTGGNC ATGCTCCATT CAGCCCTTAA ACCTTTATAA 720 

TCCCAGGTAA GGTAATTTNG CCCNCACCGG TTTTACCCAA AAAAAAAAAA ACTT 7 74 



(2) INFORMATION FOR SEQ ID NO : 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 5 amino acids 

(B) TYPE: amino acid 

(C) STRA^TDEDNESS : 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Met Ala Asp Glu Lys Pro Lys Glu Gly Val Lys Thr Glu Asn Asn Asp 
15 10 15 

His lie Asn Leu Lys Val Ala Gly Gin Asp Gly Ser Val Val Gin Phe 
20 25 30 

Lys lie Lys Arg His Thr Pro Leu Ser Lys Leu Met Lys Ala Tyr Cys 
35 40 45 

Glu Arg Gin Gly Leu Ser Met Arg Gin He Arg Phe Arg Phe Asp Gly 
50 55 60 

Gin Pro He Asn Glu Thr Asp Thr Pro Ala Gin Leu Glu Met Glu Asp 
65 70 75 80 

Glu Asp Thr He Asp Val Phe Gin Gin Gin Thr Gly Gly Val Tyr 
85 90 95 



{2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1733 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
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(ix) FEATURE: 

(A) NAME/KEY: modj f i ed_basfi 

(B) LOCATION: 19 

(D) OTHFR INFOf^^a^.T10N• /rione= "N = A, C, G OR T" 
(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 5: 

TTCGGCACAG GCGGGAGANC GGCGGGGCCG AAGCGTGAAC TCGCCCGCTC CGGCTTGCTT 60 

CCCCCGCGCC GCCTCCCCGC GCCGCTCGGA AGCCATGTCC GAGGAGAAGC CCAAGGAGGG 120 

TGTGAAGACA GAGAATGACC ACATCAACCT GAAGGTGGCC GGGCAGGACG GCTCCGTGGT 180 

GCAGTTCAAG ATCAAGAGGC ACACGTCGCT GAGCAAGCTG ATGAAGGCCT ACTGCGAGAG 240 

GCAGGGCTTG TCAATGAGGC AGATCAGATT CAGGTTCGAC GGGCAGCCAA TCAATGAAAC 300 

TGACACTCCA GCACAGCTGA GAATGGAGGA CGAGGACACC ATCGACGTGT TCCAGCAGCA 360 

GACGGGAGGT GTGCCGGAGA GCAGCCTGGC AGGGCACAGT TTCTAGAGGG CCCGTCCCCA 420 

GCCCGGGCCG TCCATCCTCG CATTGCTGTT GAATGGTGAG CACGTGACCA TGCCGACCAC 4 80 

AAAGGTGTCT GCGGAAACTC GAGGACATTC ACCACGATGA TTTTCCTCTC TTTGATGTAC 540 

TTCAAGTGCA ACTCAAAACT ATATCTGCAG GGATGAATCT GTAACTTAAA TTGGGCCAAT 6 00 

CAGAATTGTT ATCTTTGTTC AGGTAAAATG AGTTGCA/vGA TATTGI=GGGT ACTTTTGTGT ^^60 

GCTCATTTGT GTTTTCCCCC CCTCCTACAA CATTTTTTTA ACCCCAAAAT TATAGCCTGA 720 

ATGTTCGCTT TTAGTCTGGC CAGGGATCTG ACTCCTGAGT TGGTTGCCTC TCCCCTGCTC 780 

ACTCCAGTCA CATAGAGAAT TGGTGTTTCC CGCAGTGGGG ATTGCAGCTG TTGGACAGGT 840 

ATTGGGGGCA AGGTTGGTAG GGAGGACAGA CTGTCACTTG CTGTTACAGG CACAGGTGAT 900 

TAAAATGCTA AATATTGCAA ATTTAAGCTT TGTCAGTATA TGGAAAAGTT GAAGGGAAAA 960 

TACTGGAATG CTTCTTCAAA GGTTAAAAAA TAACCGAGTC TTTTGGTAAT TTGACCCCAC 1020 

GTGCTCTCTG GCCCTCAAGC ATGTAACCTC GGGGTCTGAG GCCCAGGACC CACCCCCCTG 1080 

CCACCCCTCC CACCCCACTC CCTGCTCAGT ACCTGGCGTT GGTACACAGG CAAGGATTGG 1140 

CACAACCAAA ATTGGCCTTT TTCTCCCTCT TAATATTGAA GAAATTCCCA CATTTCTCAT 1200 

TTGGTAATGG TGTTGTGGCC TCAGATTTCT TCTAGTATTT GCTTCTGATG AATGATTATG 12 6 0 

GTCTATACAT AAAAAAGTAA GACTAAGTAT TGCTGAATTT GCAGTTATGT TGTCGTGTAT 1320 

AAGAGCTACT TCCAAGTGTG GTTACAAATG AACCCATGGA ATGATGACTT CATGTTCTTC 13 80 

TCGTGGGTTT GTGCCGTGCT GCTTTCCAAA TAGGTATTGA ATTTATGCAT TAGTCTGGTG 144 0 

ATTTCAGTTC TGTGAAATAT TTTGGGATCT ATACCAATTA AACATTTTCA TAGTTCTGCC 1500 
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TATTGTCCTT CCCTGAGGCT CCATTGCTGC TTGGTGGCCA TTCTCTGCCT TTTTACAGTC 1560 
ACCTGAACAA TGACCCATCA TCTCTTGCTT GCTTGAAATC TTGCTGAAAT GTTCTCATTT 162 0 

CCTGTTTGCT GTATGGGCTC GGGTGGGATG TTTGTTGGCT CTGTTGTGTT TATTCACCAA 1680 
TTTGTACATT ATTTGTTGTC CTTTACTACT GTAAACAGTA AATATAGTTT GGT 1733 

(2) INFORMATION FOR SEQ ID NO : 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 103 amino acids 

(B) TYPE: amino acid 

( C) S TRAI rDEDNE S S : 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Met Ser Glu Glu Lys Pro Lys Glu Gly Val Lys Thr Glu Asn Asp His 
15 10 15 

lie Asn Leu Lys Val Ala Gly Gin Asp Gly Ser Val Val Gin Phe Lys 
20 25 30 

lie Lys Arg His Thr Ser Leu Ser Lys Leu Met Lys Ala Tyr Cys Glu 
35 40 45 

Arg Gin Gly Leu Ser Met. Arg Gin lie Arg Phe Arg Phe Asp Gly Gin 
50 55 60 

Pro lie Asn Glu Thr Asp Thr Pro Ala Gin Leu Arg Met Glu Asp Glu 
65 70 75 80 

Asp Thr He Asp Val Phe Gin Gin Gin Thr Gly Gly Val Pro Glu Ser 
85 90 95 

Ser Leu Ala Gly His Ser Phe 
100 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Arg Gly Ser His His His His His His 
1 5 



(2) INFORMATION FOR SEQ ID NO : 8: 
(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO 
CTTAGGATCC ATGGCCTCGG AAGACATTGC 



(2) INFORMATION FOR SEQ ID NO : 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(XI ) SEQUENCE DESCRIPTION: SEQ ID NO 
GTGTGAATTC TAGACCTTGT ACAGCGTCTG 



(2) INFORMATION FOR SEQ ID NO : 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 

Arg Gly Ser His His His His 
1 5 



(2) INFORMATION FOR SEQ ID NO : 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

( C ) STRANDEDNESS : 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO 

Tyr Pro Tyr Asp Val Pro Asp Tyr Ala 
1 5 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 

(C) STRAITDEDNESS : 

(D) TOPOLOGY: linear 



I 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

His Ser Thr Val 
1 
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Claims 

An isolated human, murine, or jeast sentrin polypeptide that inhibits TTvF receptor or 
Fas/APO-induced apoptosis. 

The polypeptide according to claim K wherein said sentrin poj> peptide is a sentrin-1 
polypeptide. 

The polypeptide according to claim 2. wherein said sentrin-1 polypeptidv^ comprises an 
amino acid sequence having at least 10 contiguous amino acids of SEQ ID NO:2. 

The polypeptide according to claim 3, wherein said sentrin-1 polypeptick comprises the 
amino acid sequence of SEQ ID NO:2. 

A purified nucleic acid segment encoding a human, murine, or yeast sentrin polypeptide. 

The nucleic acid segment of claim 5, wherein said nucleic acid segment encodes a 
human sentrin-1 polypeptide. 

The nucleic acid segment of claim 6. further defined as encoding a polypeptide 
comprising an amino acid sequence having at least 10 contiguous amino acids of SEQ 
ID NO:2. 



The nucleic acid segment of clairr 7, fuilher defined a> encoding a polypeptide 
comprising the amino acid sequence of ScQ ID NO:2. 
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T.e „uc,e,c acd »sn.e„. of clain, 5. ^h. defined as an R^A s.gn,.u. 



10. A 



.o..p.e..en. .hco, or a sequence »Hch .>«.s ,o *e se,u=nc= o. SEQ NO. 
under conditions of high stringency. 



f 1 -.^in coirnrisine an isolated sentrin gene. 

11. The nucleic acid segment of claim 1 0, compns.ng 

r , 1 1 comonsing an isolated human, murine, or yeast 

12. The nucleic acid segment of claim 11, compnsmg 

senirin gene. 



ent Of claim 12 wherein said segment encodes an amino acid 
13. The nucleic acid segment of claim 

• • „ At least about 10 contiguous ammo acia resiauc 
sequence comprising at least aooui 

NO:2. 



14. 



f , n. 10 wherein said sentrin gene encodes a polypeptide 
The nucleic acid segment of claim 10, wherein sa 

of from about 15 to about 45 amino acids in length. 



. , • in v^herem sa.d sentrm gene encodes a polypeptide 
1 5. The nucleic acid segment of claim 10. v. herein 

of from about 46 to about 75 amino acids m length. 



° f x.^rr 10 wherein said sentrin gene encodes a polypeptide 

1 6 The nucleic acid segment of claim 10. wherein 

of from about 76 to about 1 00 armno acids in length. 
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17. The nucleic acid segment of claim 10, wherein said sentnn gene encodes a polypeptide 
of about 101 amino acids in length. 



1 8. The nucleic acid segment of claim 1 0, further comprising a recombinant vector. 



1 9. The nucleic acid segment of claim 10, v/herein said nucleic acid is operatively linked to a 
promotor, said promoter expressing said nucleic acid segment. 



20. A recombinant host cell comprising the nucleic acid segment of claim 10. 



21 . The recombin?.nl host cell of claim 20, f»jrther defined as a prokaryotic cell. 



22. The recombinant host cell of claim 21 , further defined as a bacterial cell. 



23. The recombinant host cell of claim 20, fur.her defined as an eukaryotic cell. 



24. The recombinant host cell of claim 23, ftinber defined as a yeast cell or an animal cell. 



25. The recombinant host cell of claim 24, wherein said cell is a mammalism cell. 
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26, The recombinant host cell of claim 20, wherein said nucleic acid segment is introduced 
into the cell by means of a recombinant vector. 

27, The recombinant host cell of claim 20, wherein said host cell expresses said nucleic acid 
segment to produce a sentrin polypeptide. 

28, The recombinant host cell of claim 27, wherein said sentrin polypeptide comprises an 
amino acid sequence having at least 10 contiguous amino acid residues from SEQ ID 
N0:2. 

2*^^ A method of using a nucleic acid segrrieni tliat encodes cin isolated mcirnmalian or yeast 
scninn polypeptide, comprising the steps of: 

(ai preparing a recombinant vector m which a mammalian or yeast sentrin 
polypeptide-encoding nucleic acid segment is positioned under the control of a 
promoter; 

(b) introducing said recombinant vector into a host cell; 

(c) culturing said host cell under conditions effective to allow expression of the 
encoded polypeptide; and 



(d) collecting said expressed sentrin polypeptide. 
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10 



(a) an isolated nucleic acid segment comprising a sequence region that consists of at 
least 14 contiguous nucleotides that have the s:ime sequence as, or are 
complementar>' to, 14 contiguous nucleotides of SEQ ID NO:l; or 

(b) an isolated nucleic acid segment of from 14 to about 10,000 nucleotides in length 
that hybridizes to the nucleic acid segment of SEQ ID NO:l: or the complement 
thereof, under standard hybridization conditions. 



31 The nucleic acid segment of claim 30, f^orther defined ?s comprising a sequence 
region that consists of at leai^t 14 contiguous nucleotides that have the same 
sequence as, or are complementary to, 14 contiguous nucleotides of SEQ ID 
15 NO:L 



32. The nucleic acid segm»ent of claim 30, further defined as comprising a nucleic acid 
segment of fi-om 1 4 to about 1 0,000 nucleotides in length that hybridizes to the nucleic 
20 acid segment of SEQ ID NO:l. or the complement thereof, under standard hybridization 

conditions. 



33. The nucleic acid segment of claim 32, wherein the segment comprises a sequence region 
25 of at least about 20 nucleotides; or wherein the segment is about 20 nucleotides in 

length. 



30 



34. 



The nucleic acid segment of claim 33, wherein the segment comprises a sequence region 
of at least about 30 nucleotides; or wherein the segment is about 30 nucleotides in 
length. 
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35. The nucleic acid segment of claim 34, wherein the segment comprises a sequence 
region of at least about 40 nucleotides; or wherein the segment is about 40 
nucleotides in length. 



36. The nucleic acid segment of claim 35, wherem the segment comprises a sequence region 
of at least about 50 nucieoiides; or wherein tlie 3egmeni is about 50 nucleotides in 
length. 



37. Tne nucleic acid segment of claim 36, wherein the segment comprises a sequence region 
of at least about 100 nucleotides; or wherein the segment is about 100 nucleotides in 
length. 



38. The nucleic acid segment of claim 37, wherein the segment comprises a sequence region 
of ai least about 200 nucleotides; or wherein the segment is about 200 nucleotides in 
length. 



39. The nucleic acid segment of claim 38, wherein the segment comprises a sequence region 
of at least about 300 nucleotides; or wherein the segment is about 300 nucleotides in 
length. 



40. The nucleic acid segment of claim 39, wherein the segment comprises the sequence of 
SEQIDNO:!. 



41. The nucleic acid segment of claim 31, wherein the segment is up to about 10,000 
basepairs in length. 
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42. Tne nucleic acid "iegnient of w^laim ^1, wherein the segment is up to about 5,000 
basepairs in length. 

43 The nucleic acid segment of claim 42, wherein the segment is up to about 4,000 
basepa:rs m length. 

44. The nucleic acid segment of claim 43, wherein the segment is up to about 3,000 
basepairs in length. 

45. The nucleic acid segment of claim 44, wherein the segment is up to about 2000 basepairs 
in length. 

46. A method for detecting a nucleic acid sequence encoding a sentrin polypeptide, 
comprising the steps of: 

(a) obtaining sample nucleic acids suspected of encoding a sentrin polypeptide; 

<b) contacting said sample nucleic acids with an isolated nucleic acid segment 
encoding said sentrin polypeptide under conditions effective to allow 
hybridization of substantially complementary nucleic acids: and 

( c) detecting the hybridized complementar>' nucleic acids thus formed. 



47. The method of claim 46. wherein the sample nucleic acids contacted are !ocated within a 
cell. 
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48. The method of claim 46, wherein the sample nucleic acids are separated from a cell pnor 
to contact. 

5 



49. The method of claim 46, wherein the isolated sentrin polypeptide-encoding nucleic acid 
segment comprises a detectable label and the hybridized complementary nucleic acids 
are detected by detecting said label. 

10 

50. A nucleic acid detection kit comprising, in suitable container means, an isolated sentrin 
nucleic acid segment and a detection reagent. 



15 

51. The nucleic acid detection kit of claim 50, wherein the detection reagent is a detectable 
label that is linked to said sentrin nucleic acid segment. 



20 52, The nucleic acid detection kit of claim 50, further comprising one or more restriction 
enzymes. 



53. A composition, free from total cells, comprising a polypeptide having a primary 
25 sequence which comprises at least about 10 contiguous amino acid residues from SEQ 

IDNO:2. 



30 



54. 



The composition of claim 53, comprising a polypeptide having a primary sequence 
which comprises at least about 1 5 to about 20 contiguous amino acid residues from SEQ 
IDNO:2. 
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20 



55. The composition of claim 53, comprising a polypeptide having a primary sequence 
which comprises at least about 21 to about 30 contiguous amino acid residues from SEQ 
IDN0:2, 



56. The composi Jon of cJaiir 53, comprising a polypeptide having a primary sequence 
which comprises at least about 31 to about 40 contiguous amino acid residues from SEQ 
ID NO::. 



57, The composition of claim 53, wherein said polypeptide comprises a recombinant 
polypeptide, a fusion polypeptide, or a polypeptide having an amino acid sequence 
mutated in one or more amino acid residues compared to native sentrin. 



58. A purified antibody that binds to a m^inmalian or yeast sentrin polypeptide, wherein said 
antibody also binds to the polypeptide of SEQ ID NO:2. 



59. The antibody of claim 58, wherein said antibody is linked to a detectable labeL 



60. The antibody of claim 58, wherein said antibody is linked to a biotin label, a radioactive 
25 label, a fiuorogenic label, a nuclear magnetic spin resonance i^be!, or an enzyme that 

generates a colored product upon contact with a chromogenic substrate. 



61. The antibody of claim 60, wherein said antibody is linked to an alkaline phosphatase, 

30 hydrotzen peroxidase or glucose oxidase enzyme. 
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62. A transgenic animal having incorporated into its genome a transgene that encodes a 
mammalian or yeast sentrin polypeptide. 

63. A method of detecting a ubiquitin conjugating enzyme polypeptide, comprising 
contacting said polypeptide with an amount of a sentrin- 1 polypeptide composition 
effective to bind said ubiquitin conjugating enz>TOe polypeptide, and detecting the 
complexes so bound. 

64. A method of detecting a PML polypeptide, comprising contacting said polypeptide with 
an arnoum of a sentrin- 1 polypeptide composition effective to bind said PML 
polypeptide, and detecting the complexes so bound. 

65. A composition comprising an amount of a polypeptide according to claim 53 effective to 
inhibit TNFR- or Fas/APO-1 -induced apoptosis. 

66. A method for detecting a sentrin polypeptide, comprising the steps of: 

(a) obtaining a sample suspected of containing a sentrin polypeptide; 

(b) contacting said sample with a first antibody that specifically binds to a sentrin 
polypeptide under conditions effective to form an immune complex; and 

(c) detecting the immime complex so formed. 

67. A method of inhibiting or preventing TNFR-or Fas/Apo-1 induced apoptosis comprising 
administering to a mammal a pharmaceutical composition comprising an amount of a 
sentrin polypeptide composition effective to inhibit or prevent said apoptosis. 
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68. A method of inhibiting or modulating sentrin polypeptide function in a mammal, 
comprising adniiniciering to said mammal a composition comprising an antibody that 

5 specifically binds a sentrin polypeptide. 

69. A method of determining the aggressiveness of a tumor, comprising determining the 
amount of a sentrin polypeptide produced by a cell and ccmpaiing the amount so 

10 produced with a normal cell wherein overexpression of the protein is indicative of the 

aggressiveness of said tumor. 

70. A method of producing cell-death in a tumor cell, said method comprising contacting 
said tumor cell with a composition effective to prevent sentrinization in said cell. 

15 

71. The method of claim 70, wherein said sentrinization is prevented by blocking the 
interaction of sentrin and Ubc9. 

20 

72. The method of claim 70, wherein said composition comprises a C-terminal peptide 
fragment of sentrin. 



25 
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CGAGGCGTAGCG<:; AAGTTACTGCAGCCGC ; GTCTTCTGCTC: CGGCAAGGGGAAGGATTT 

GTAAACCCCGGAGCGAGGTTCTGCTTACCCGAGGCCGCTGCT<;'IH3CGGAGACCCCCGG^ 

GAAGCCACCGTCATCATGTCTGACCAGGACX5CAAAACCTTCAACTGAGGACTTGGGGGAT 

MSDQ EAK P S T EDLGD 
AAGAAGCAAGGTGAATATATTAAACTCAAAGTCATTGGACAGGATAGCAGTGAGATTCAC 
KKEGE YIKLKVIGQDSSEIH 
TTCAAAGTGAAAATGACAACACATCTCAAGAAACTCAAAGAATCATACTGTCAAAGACAG 
FKVKMTTHLKKLKESYCQRQ 
GGTGT7CC^AaGAATTCACTCAGGTTTCTCTTTGAGGGTCAGAGAATTGCTGATA^ 
GVPMNSLRFLFEGQRIADNH 
ACTCCAAAAGAACTGGGAATGGAGGAAGAAGATGTGATTGA^.GTTTATCAGGAACAAACG 
TPLELGMEEEDVIEVYQEQT 
GGGGGTCATTCAACAGTTTAGATATTCTTTTTATTTTTTTTCTT^ 
G G H S T V *101 

TTATTTTTAAAAATAGTTCTTTTGTAATGTGGTGTTCAAAACGGA^ 

CCCATCTCTTTGAAACATCTGGTAATTTGAATTCTAGTGCTCATTATTCATTATTGTTTG 
TTTTCATTGTGCTGATTTTTGGTGATCAAGCCTCAGTCCCCTTCATATTACCCTCTCCTT 
TTTAAAAATTACGTGTGCACAGAGAGGTCACCTTTTTCAGGACATTGCATTTTCAGGCTT 
GTGGTGATAAATAAGATCGACCAATGCAAGTGTTCATAATGACTTTCCAATTGGCCCTGA 
TGTTCTAGCATGTGATTACTTCACTCCTGGACTGTGACTTTCAGTGGGAGATGGAAGT^ 
TTCAGAGAACTGAACTGTGGAAAAATGACCTTTCCTTAACTTGAAGCTACTTTTAAAATT 
TTCAGGGTC'IX^GACCAAAAGAAGAGGAATATCAGGTTGAAGTCA^^ 

GAGAGTAATGACTAACTCCAAAGATGGCTTCACTGAAGAAAAGGCATTTTAAGATTTTTT 
AAAAATCTTGTCAGAAGATCCCAGAAAAGTTCTAATTTTCATTAGCAATTAATAAAGCTA 

tacatgcagaaatgaatacaacagaacaci\:x:tctttttgatt^ 

CCTGGGATATGGGTTTTAAATGGACATTGTCTGTACCAGCTTCATTAAAATAAACAATAT 

ttgtcaaaaatcgtactaatgcttattttattttaattgtatagaaagaaaaaaatgcct 

AAAATAAGGTTTTCTTGCATAAATACTGGAAATTGCACATGGTACAAAA 

aaattactgtacagggatgatgttaatgactttggagcactgaaagttactgaagtgcct 

TCTGAATCAAGGATTTAATTAAGGCCACAATACCTTTTTAATACTCAGTGTTCTGTTTTT 

TTTWJJlAACTTGATATTCCCGTATGGTGCATATT^ 

TAAATGGGCATGCCAGCC 
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P5cj No protest accompanied the payment of addiUonal search fees. 
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A. CLASSinCATlON OF SUBJECT MATTER: 
IPC (6): 

C07K 14/39, 14/435, 14/47, 16/14, 16/18; rj2N 1/19, 1/21. 5/10. 15/1!, 15/12, 15/63; C12Q 1/68; A61K 38/16, 
38/17. 48/00; GOIN 33/536 

A. CLASSIFICAnON OF SUBJECT MATTER: 
US CL : 

536/23.1, 23.5 , 23.74, 24/3; 530/300, 350, 3S7.1, 391.3 ; 514/2, 12, 44; 435/6, 7.1, 69.1, 320.1, 325, 252.4. 253.11 

BOX 11. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA founcl nuhiple inventions as fcUov/s: 

This application contains the following inventions or groufM of inventions which are not so linked as to form a single 
inventive concept under PCT Rule 13.1. 

Group I, claiin(s) 1-45, 50-57 and 63-65, drawn to sentrin polypeptide, compositions thereof, encoding nucleic ac^d, 
vector, host cell, method of producing polypeptide, method of detecting a ubiqustin conjugated enzyme or PML 
polypeptide. 

Group II, claim<s) 46-49, drawn to method of detecting nucleic acid encoding sentrin polypeptide. 
Group III, claim(s) 58-61, drawn to antibody. 
Group IV, claira(s) 62, drawn to transgenic animal. 

Group V, claim(8) 66. drawn to method of detecting a polypeptide with an antibody. 
Group VI, claim(s) 67, drawn to method of inliTuitiug apopluais. 

Group VII, cUira<s) 68, drawn to method of inhibiting sentrin polypeptide function by administration of antibody. 

Group VIII, claim(s) 69, drawn lo method of determining amount of sentrin polypeptide. 
Group IX, claim(s) 70-72, drawn to method of producing cell-death (apoptosis). 



The inventions listed as Groups MX do not reUle to a single inventive concept under PCT Rule 13.1 because, under 
PCT Rule 13,2. they lack the same or corresponding special technical features for the following reasons: Pursuant to 
37 CFR § 1.475(d). this Authority considers that the main invention in the instant application comprises the first>recited 
product, the icntrin p»olypepcidc; the first- recited method of using that product, a method of using the sentrin 
polypeptide to detect a ubiquitin conjugated enzyme or PML polypeptide; and the first-rccitcd method of making that 
product, recombinant expression, as well as the nucleic acids and recombinant products used in such method. Further 
pursuant to 37 CFR $ 1.475(d), the ISA/US considers that the materially and functionally dissimilar producU of groups 
III and IV and the additional methods of groups II and V«IX, do not correspond to the main invention. This Authority 
therefore considers that the several inventions do not share a special technical feature within the meaning of PCT Rule 
13.2 and thus do not relate to a single general inventive concept within the meaning of PCT Rule 13.1. 
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